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1 Introduction

To comply with United States et al. vs. Washington et al. No. C70-9213 Subproceeding No. 01-1 dated
March 29, 2013 (a federal permanent injunction requiring the State of Washington to correct fish
barriers in Water Resource Inventory Areas [WRIAs] 1-23), the Washington State Department of
Transportation (WSDOT) is proposing a project to provide fish passage at the United States Highway 101
(U.S. 101) crossing of Harlow Creek, tributary to the Queets River at Mile Post (MP) 142.48. This existing
structure on U.S. 101 has been identified as a total fish barrier by the Washington Department of Fish
and Wildlife (WDFW) and WSDOT Environmental Services Office (ESO) (site identifier [ID] 990548) and
has an estimated 3,600 linear feet (LF) of habitat gain.

In accordance withRer the injunction, and in order of preference, fish passage should be achieved by (1)

avoiding the necessity for the roadway to cross the stream, (2) use of a full-span bridge, or (3) use of the
stream simulation methodology. WSDOT evaluated the crossing using the unconfined bridge design
methodology; this method was necessary because the stream is unconfined.

The crossing is located in Grays Harbor County on U.S. Highway 101, five5 miles east of the intersection
with Clearwater Road, Washington, and 19 miles west of Lake Quinault, Washington and the U.S. 101
crossing of the Quinault River, in WRIA 21.- The highway runs in an east—west direction at this location
and the crossing is about 5.2-6 miles upstream from the confluence of Harlow Creek with the Queets
River based on the National Hydrography Database. Harlow Creek generally flows from southeast to

northwest beginning about 3,900 feet (ft) upstream of the U.S. 101 crossing (see Figure 1 for the vicinity
map).

The proposed project will replace the existing 4-foot-diameter corrugated metal pipe (CMP) culvert
measuring 74.1 feet in length with a structure designed to accommodate a minimum hydraulic opening
of 15 feet. A specific structure type is-netbeirgrecommended-by-Headguarters Hydrauliesand-will be
determined by-ethers-during future phases of the design. The proposed structure is designed to meet
the requirements of the federal injunction using the unconfined bridge design criteria as described in
the 2013 WDFW Water Crossing Design Guidelines (WCDG) (Barnard et al. 2013). This design also meets
the requirements of the WSDOT Hydraulics Manual (WSDOT 2019).

This culvert crossing is located withinen the Quinault Indian Nation Reservation. As a result, some

information readily available for other culvert crossings is missingnot available. For example, the Federal
Emergency Management Agency (FEMA) has not performed a flood hazard analysis in this area, and the
United States Geological Survey (USGS) has not done a soils analysis. This Preliminary Hydraulic Design
(PHD) Report was prepared usingwith all available information-available, and other sources of
information have been used in place of those generally used in other PHD reports.

The draft report of the preliminary hydraulic design (PHD) was prepared by HDR, Inc. (HDR) in 2020.
WSDOT received review comments on the Draft PHD from Washington Department of Fish and Wildlife
(WDFW) and Quinault Tribe (Tribe). As part of Kiewit’s Coastal-29 Team of the US 101/SR 109 Grays
Harbor/Jefferson/Clallam, Remove Fish Barriers Project under a Progressive Design-Build (PDB) contract
between Kiewit and WSDOT, Natural Systems Design (NSD) reviewed the draft PHD report, updated the
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hydraulic modeling and design, addressed WDFW and Tribe comments, and prepared the Draft Final

PHD report. Responses to WDFW and Tribe comments are included in Appendix JK.
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2 Watershed and Site Assessment

The existing site was assessed in terms of watershed, land cover, geology, floodplains, fish presence,
ebservations,-wildlife, and geomorphology. This assessment was performed using desktop research
including aerial photo analysiss;, resources such as USGS, FEMA, and WDFW;, and past records
includinglike-ebservation field surveys, maintenance records, and fish passage evaluations.

2.1 Watershed and Land Cover

Harlow Creek drains into the left bank of the Queets River approximately 5:2- miles downstream of the
U.S. 101 culvert outlet-isalteft bank tributarstothe QueetsRiverwith-the confluence located
downstream-of-thecreek’s-U-S101culvertoutlet. Harlow Creek consists of approximately 5.8 miles of
stream length. Watershed area was measured at MP 142.48 as 200 acres (0.31 square mile) using Arc
Hydro. This is the watershed for the MP 142.48 crossing only, not the entirety of Harlow Creek. The

watershed is relatively flat with an average slope of 4.7 percent; none of the basin is characterized by
slopes greater than 30 percent. According to StreamStats, the basin is 41 percent covered by canopy
(USGS 2016). The basin is densely forested and interspersed with logging activities.

Figure 2Figure-2 shows the National Land Cover Database (NCLD) map. The breakdown of land cover
within the watershed is in Table 1. The basin is primarily evergreen forest-at76-percent.

Table 1: Percent of Basin Coverage by Land Cover Class

Basin coverage
Land cover class g

(percent)
Evergreen Forest 76.4
Low intensity 5.5
developed

Scrub/shrub 16.4
Mixed forest 0.9
Herbaceous 0.5
Open space developed 0.5
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Aerial photographs of land cover dating from 1939 to 1996 accessed through the ArcGIS Living Atlas
show the advent of logging activities at the site. The 1939 photo in Figure 3Figure-3 shows that little to
no logging or development was present in the area. However, by the 1996 photo in Figure 4Figure4,
logging activities and development have cleared the forest in some areas.

ES
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|

l

1o |
i
f=s

Figure 3: 1939 aerial photograph of project site

Figure 4: 1996 aerial photograph of project site
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2.2 Geology and Soils

Geologic units in the watershed are summarized from 1:100,000 quadrangle mapping by USGS (Gerstel
and Lingley 2000) and obtained from the Washington State Department of Natural Resources (DNR)
Geologic Information Portal. The geology of the watershed for this project site is comprised of-eemprises
the geologic units described below and referenced in Figure S5Figure-5. The entire basin is mapped as
alpine glacial drift (Qapwt(2m)) and (Qapwo(2)).
* Qapwt(2m): Pleistocene Age, alpine glacial till, pre-Wisconsinan (Pleistocene alpine glacial drift)
o Undifferentiated till and outwash; outwash consists of sand and gravel with lacustrine
silt and clay; till is locally capped by loess; clasts are composed primarily of
lithofeldspathic and feldspatholithic sandstone and basalt
e Qapwo(2): Pleistocene Age, alpine glacial outwash, pre-Wisconsinan (Pleistocene alpine glacial
drift)
o Sand and gravel composed of lithofeldspathic and feldspatholithic sandstone and basalt
derived from the core of the Olympic Mountains
The Natural Resources Conservation Service (NRCS) Web Soil Survey cannot be used to summarize soils

and geology at this crossing because ithe project is located on tribal lands and as a result no data are
available.
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2.3 Floodplains

The project site is located on the Quinault Indian Nation Reservation and is not included in the Flood

Insurance Study (FIS) for Grays Harbor County. A separately published FIS for the Quinault Indian Nation

Reservation was not available at the time of preparing the PHD. FEMA-has-retperformed-an-analysisin
thislocation-to-determineiftThus, the project is not located within a regulatory Special Flood Hazard

Area, (thewith a 1 percent or greater annual chance of flooding in any given year) based on the available

data. The crossing is located well outside of the floodplain of the Salmon River, athe nearest river with a

mapped floodplain, located less than two miles east of Harlow Creek. The crossing is also outside of the

Queets River floodplain. No other information on flooding history of the site such as maintenance or

historical records has been provided.

2.4 Site Description

The existing culvert at U.S. 101 MP 142.48 was documented by WDFW te-havinge a 0 percent passability
rating because of a water surface drop at the culvert outlet. The outlet of the pipe drops 0.9 foot to the
channel bed downstream of the existing crossing, maklng it |mpassable to fish (WDFW 2014, WDFW

2019). Fish-habits Fegativelyaiteged-besase S enitetheioh-te-rael e streara-thre
drep—In addition, the structure has a slope of 3.28 percent according to the WDFW database report (the
WSDOT survey measures it as 2.8 percent; see Section 2.7.2), a second criterion for 0% percent

- passage (WDFW 2019. Comments on the WDFW form identify that inside the culvert, the velocity was
measured as 14 feet per second (ft/s) and the stream plunges on-to riprap below the outlet. A—veleeit—y

d#ﬁeu#t—ie#&h—te&w}st—t#u&ewmﬂt—me WDFW Fish Passage and Diversion Screening ltnventory

(FPDSI) documents unresolved fish passage problems both upstream and downstream of the crossing
(WDFW 2014). Further detail regarding the extent and location of these problems is not provided in this
report, though it is known that there is an downupstream fish passage barrier at MP 142.68 that will be

addressed and evaluated in aretherits respective PHD report. Additionally, another barrier ere
downstream barrierwith WSDOT Site ID 990178 is being removed, and the new structure is currently in
construction. The total length of habitat gain for this crossing is ;,6883,600-3,600 feet (WDFW 2014).

This culvert is not considered to be a chronic environmental deficiency. Ne-mMaintenance records were
provided-forthiseulvertobtained by WSDOT do not indicate previous issues at the existing crossing.

2.5 Fish Presence in the Project Area

Harlow-Creek-isaleft-bank-tributary-te-the QueetsRiver-The Statewide Washington Integrated Fish
Distribution (SWIFD) (2020)-are-WDF\W-online-databases, as well as StreamNet (2020), document

biological evidence of coho salmon (Oncorhynchus kisutch) spawning and rearing in the lower reaches of

Harlow Creek approximately 4.5 miles downstream of the project area. These databases do not have
fish use data for the upper reaches of Harlow Creek in the project vicinity; however, upper Harlow Creek

does meet the physical criteria for the presence of coho salmon, steelhead, searun cutthroat trout, and
resident trout (WDFW 2014, WDFW 2019)- A downstream habitat survey conducted by WDFW in 2014
documents physical evidence of spawning and rearing habitat just downstream of the culvert (WDFW
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2014).-Coho use in Harlow Creek downstream of the project area is also reported in the WRIA 21
Queets-Quinault stream catalog (Williams and Phinney 1975).

The Queets River is documented to contain all five Pacific salmon species as well as steelhead and bull
trout (Quinault Indian Nation 2011, SWIFD 2020, WDFW 2020, StreamNet 2020). The small substrate
(D50 = 1.3 inches), and limited number of deep pools and complex cover limited stream-characteristies
insize-and-Hmited-habitat in Harlow Creek, however, maytikely precludes spawning-eflargersatmeon
species-sueh-as-Chinook (Oncorhynchus tshawytscha) and-steethead{Oncorhynchus-mykiss)-from using
this stream;particularhy-n-the-upstreamreaches-where-the projecterossingistecated. Bull Trout have

more specific habitat requirements than most other salmonids, in particular they require cold water (46

oF or below) for spawning and egg incubation, and abundant in-stream cover for rearing (Rieman and
Mclntyre 1993). They typically spawn and rear in the cold, clear tributaries in the upper portions of
watersheds, and therefore are not expected to be present in this area of Harlow Creek since it is low in

the Queets watershed.

Rearing-eshe juveniles coho and petentialy-everwinteringjuvenite-steelhead may disperse upstream to

reaches close to the project crossing. Steelhead that inhabit the Queets River are part of the Olympic
Peninsula distinct population segment (DPS) and are not currently listed under the Endangered Species
Act (ESA). The WDFW online fish passage database does not list any impassable barriers on the
mainstem Harlow Creek between the downstream reaches where coho are documented, and upstream
where the project is located;; though as mentioned above, unresolved fish passage problems are noted
in the 2014 report that may or may not have been corrected at the time of the writing of this report.
Coastal cutthroat trout (Oncorhynchus clarkii clarkii) are also widespread throughout small streams in
Washington and are likely also present in Harlow Creek. They prefer the uppermost portions of these
streams_and may exhibit several life history patterns. They;ar€ can be anadromous and rear in streams

for twoz2 to 3three years; or be resident and remain entirely in freshwater (Wydoski and Whitney 2003).

Table 2Fable2 provides a list of salmonid-fish species that potentially occur in Harlow Creek and that
cwould be affected by the culvert crossing.

Table 2: Native fish species potentially present within the project area

Presence
. (presumed, i
Species modeled, or Data source ESA listing
documented)
SWIFD 2020,
Coho salmon Presumed WDFW 2020, Not warranted
(Oncorhynchus (documented . .
kisutch) downstream) QUITEULELITe (o1
Nation 2011
Olympic
Peninsula DPS? Presumed SWIFD 2020,
. WDFW 2020,
steelhead (documented in . . Not warranted
(Oncorhynchus Queets River) Quinault Indian
Y Nation 2011
mykiss)
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Coastal cutthroat SWIFD 2020,
(Oncorhynchus Presumed Quinault Indian
clarkii clarkii) Nation 2011

a.  DPS =distinct population segment.

Not warranted

2.6 Wildlife Connectivity

The one--mile segment that contains MP 142.48 falis-in-ranked Medium-medium priority for Ecological
Stewardship and Low priority for Wildlife-related Safety. Adjacent segments to the north and south
ranked Medium-medium for Ecological Stewardship and Low for Wildlife-related Safety. WSDOT has
determined that in order to be eligible for a habitat connectivity analysis, fish barrier correction projects
must either be located fat-in or adjacent to a high priority road segment, or ahave been requested by a
project team member can+reguestthefor analysis. are-tThus, this project is not eligible.

2.7 Site Assessment

-The following sections describe the existing conditions of Harlow Creek as observed during the site visits
conducted on July 28, 2020 and June 25, 2021.

2.7.1 Data Collection

WSDOT conducted a topographic survey in March 2020. The survey extends 240 feet upstream of the

culvert, 230 feet downstream of the culvert, with and-a total roadway survey length of 660 feet. Survey

information generally includes locations of stream channels and overbank areas along the channel.

During the preliminary design phase of the project, HDR visited the project site on July 28, 2020, to
measure the bankfull width (BFW) and collect pertinent information to support the basis of design. Fhe

a Width-con ance-meatinawith HDR \A/SNO) ALDEAA nd a anrasan e-h not\e

Concurrence-willbegainedatataterdateasrestrictionsare-lifted-This section describes field
observations collected during the July 28, 2020 and June 25, 2021 site visits of Harlow Creek from
upstream to downstream. The main findings of the field reports is-are summarized here-in the
subsections below and the full reports can be found in Appendix B.

A a¥a
Vv 1o

June 25, 2021, along with Osborn Consulting (OCI) and Kiewit staff, to identify the WSDOT survey limits
in the field and verify observations and findings from the 2020 site visit. Previous BFW measurement

locations were reoccupied and remeasured, as were pebble counts. Concurrence was reached on a BFW
of 10.3 feet by WDFW and QIN on August 9, 2021. BFW determination is discussed in detail in Section
2.8.2.
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Existing Conditions:

The existing structure is a 74.1-foot-long, circular, corrugated steel, 4-foot-diameter culvert. From the
WSDOT survey, the culvert has a gradient of 2.8 percent with the inlet invert elevation at 351.6 feet and
the outlet invert elevation at 349.5 feet. As-built drawings for this crossing were provided by WSDOT;
however, they contained minimal information pertaining to Harlow Creek and the existing structure at
MP 142.48. As described above in Section 2.4, the creek crossing has re-are-high velocitiesy
(approximately 14 ft/s) and unresolved fish passage problems both upstream and downstream. The

crossing is listed in WDFW's database as being a total barrier for fish and blocking a-biologically
significant habitat.reach—As-a-currentbarrierit The barrier reduces Hmitsfish access to fish-rearing
habitat by 37,040 square feet (SF). Species expected to benefit from removing and replacing this culvert

include coho, steelhead, sea run cutthroat, and resident trout. Local constraints are not apparent from
aerial photos, topographic survey, or WDFW field reports. The culvert runs perpendicular to the road
based-enthe-survey-and the stream begins to run parallel to the road downstream of the crossing. No
obvious signs of maintenance activity were observed, and no local constraints or infrastructure were
observed.

Upstream-Reach

The upstream area reach-observed during the site visit consisted of three different reaches, from
upstream to downstream: (1)-Mainstem-Hardow-Creekfrom-theculvertinlettotheconfluencewiththe
gnanamed-tributary-2) mMainstem Harlow Creek upstream ofabeve thee confluence with the unnamed
tributary (UNT), (2) UNT left bank, and (3) mainstem Harlow Creek from the confluence to the culvert

inletand-3}-Unnamed Fributary{UNT+o-HarewCreekLeft Bank.— Each reach is described below, and
shewn-inFigure 30Figure-30 shows the stream network within the extent of the surveyed limits.

1.— Mainstem Harlow Creek— Upstream of Confluence with UNT

The detailed topographic survey includes 50 feet of Harlow Creek above the confluence with the UNT.
The upper reach of Harlow Creek is narrow and marshy, with a substrate entirely made up of silt and
fines (Figure 6).
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Figure 6: UpperMainstem Harlow Creek Upstream from Confluence

Sedges and brush are abundant on both banks. The banks are low, approximately 1 foot in height, and
the channel is not well defined (Figure 7).
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Figure 7: Substrate of upper-Mainstem Harlow Creek Upstream from Confluence

The active floodplains are accessible, flat, and narrow; they are also terraced; and slope up to a second
floodplain that appears inaceessibleaccessible only under extreme flood events. The large accumulation

of logs in the upper mainstem channel are most likely the result of historic logging activities (Figure 8).
At the confluence of the left bank UNT and mainstem, an accumulation of logs and fine sediment
aggradatien-deposits waswere observed.

ﬁﬁ*v}l

ST

Figure 8: Large Woody Material (-LWM) from historic logging
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2.— UNT to Harlow Creek Left Bank

Detailed topographic survey of the UNT to Harlow Creek Left Bank-upstream extends 40 feet upstream
of the confluence with Harlow Creek.- At this location, a large stump lies across the channel with ferns
and shrubs growing out of it (Figure 9). Flow goes under and around the stump.

Figure 9: Mid channel stump in UNT to Harlow Creek Left Bank

The channel substrate at this location is made up of fines, gravels, and some cobbles; deposited
upstream of the stump (Figure 10).

Figure 10: Typical gravels upstream of stump

Downstream of the stump, the substrate is composed primarily of fines and organic material. The UNT
channel is more defined ehannelthan the upper reach of Harlow Creek. Both left and right banks are
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approximately 3 feet in height and the floodplains appear inaccessible (Figure 11). As the UNT

approaches the confluence with Harlow Creek, flow gees-threugh-anarrow-pinchpointL\WM-anda
second-stump-arepresentat-thispinchpointfollows the undulating bed surface under and around LWM

and a large stump.

Figure 11: Typical UNT channel view with approximately 3 foot high banks

3.— Mainstem Harlow Creek from Confluence to— Culvert Inlet-te-Confluence

At the approximate location where the UNT and Harlow Creek meet, an island is present in the middle
of the Harlow Creek channel. Trees grow out of the island in the middle. Small gravels and a few cobbles
are present as-the-substrate-material-on either side of the island. There is a multitude of wood in the
channel, all indicative of past-historical logging activities (Figure 12). Both banks are abeut

approximately 3 to -4 feet in height and are near vertical, and the channel substrate is a-dominated by

the presence of fines.
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Figure 12: Abundant LWM suggesting historical logging activities

Where the flow converges on the downstream side of the island, there is a large log jam consisting of
logs associated with historic timber harvest. Downstream of the jam, the channel narrows to
approximately 150 feet wide. The substrate in this area is mostly fines with some gravels and cobbles.
Sedge and brush grow in and over the channel in this reach. The bank slopes are gradual and about 2
feet tall; and are madecomposed primarily of silt and finesseft material. Stands of young trees grow on

the banks. The banks are undercut, and the floodplains are flat and accessible (Figure 13 and Figure 14).
Natural-Llogs help form and shore up the banks periodically.

i - = ok A~
g - -i:- PR ¢ -

Figure 13: Stream conditions downstream of confluence
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Figure 14: Floodplains downstream of confluence

Fuarther downstream, tFhe-channelreachesatargeflatbewl-likepeoiThere is a pool; approximately

30 to -40- feet in diameter (Figure 15). LWM from logging activities is present in the pool and racked up
at the exitdownstream end efthepeeltowards the right bank (Figure 16). This wood appears to be
stable and somewhat decomposed, with no evidence of recent movement. The substrate of the pool is

entirely fines, and the floodplains are accessible to thepesistreamflow.

Figure 15: Large undefined bowl
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Figure 16: LWM accumulation near exit of pool

Downstream ofPast the legging-weedLWM at the exit of the pool, there is a large deposit of gravels and
cobbles (Figure 17). The largest bed material found in this location was 4.5 inches in diameter.

Figure 17: Substrate downstream of LWM near exit of pool
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The substrate from this section downstream to depesitup-untitthe culvert inlet is primarily gravels.
Fromthisspetto-theculvertaApproximately 50 feet upstream of the culvert inletaway, LWM recruited
naturally from the banks is present in the channel and-lyingacressbankfulland forming accumulations
that span the channel between both banks (Figure 18). Valley occlusion has led to some areas where
logs are quite dense and accumulating soils, supporting tree and shrub growth, which the stream flows
and pools beneath. The area is characterized by a complex of multiple flow paths and sloughs.

Figure 18: Stream conditions between LWM and inlet

The channel shape in this area consists of short vertical banks that slope up towards a flat floodplain.
The banks are undercut in the proximity of the culvert and confine the channel in a straight, entrenched
planform (Figure 19). Flow contraction due to an undersized culvert is likely driving localized channel
bed and bank erosion at the existing inlet. NaturalNaturally recruited logs shere-up-the-banksprovide a
degree of bank stability in the stretech-areareach between the racked-up-tegging wood and the culvert.
On the right bank near the culvert, a small side channel enters the ehannelstream. It likely carries
floodplain flow from upstream to this location. There is LWM present in the side channel.
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Figure 19: lncision-Bank erosion near culvert inlet

The culvert itself is a 4-feetwided-foot-wide CMP mitered to slope (Figure 20). The culvert inlet is
perched approximately 4 inches above the channel bed.

Figure 20: Culvert inlet

The planform in the upstream segmentreaeh of MP 142.48 overall is characterized by a meandering
channel with a slope of approximately 1 to -2 percent outside of culvert backwater influence.-in
combination-with The segment also has defined banks interspersed with accumulations of LWM from

both past logging influences and natural recruitment that cause occasional pools and gravel deposits to
form.
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Downstream-Reach

At the outlet of the culvert, there is an approximate -waterteveldrops-approximately-6--inches drop
from the culvert apronprepn-er below to rip-rap_which lines the channel bed (Figure 21). The existing

metal apron is failing due to corrosion and past undermining at the transition to the channel. -Rip-rap is
present in the channel for 15 feet downstream of the culvert.

Figure 21: Culvert outlet

The right bank is about 3 to -4 feet tall, while the left bank is lower with an accessible inset floodplain
surface. Stands of young trees and ferns grow on the banks. Some undercutting of the channel bank is
present at a bend downstream of the rip rap. Small debris and brush is-are racked up after this bend,;
throughout the whole of the downstream reach.; aAll BAM-debris ebserved-within the channel appears
to be a result of natural recruitment-alengthe banksand-wasnotindicative-oflogging presence, though
the pieces and accumulations are not stable enough to provide a lasting influence on channel form or
processes (Figure 22).
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Figure 22: Brush and debris in channel

The reference reach begins downstream of the racked LWM roughly 45 feet downstream from the
culvert outlet.Dewnstream-ofthe LW Mrackingthereferencereach-begins (Figure 23). The left bank is
slighth-ewerthan-theright-about 1 to -2 feet tall while-and the right bank is about 2 to -3 feet tall. The
left bank floodplain is flat before sloping up to the roadway. The right floodplain is moderately sloped.
Roots of trees form the banks periodically on both bankssides of the channel. The channel itself is 4 to 5
feet wide, -and-flatwith-ne-clearthalwegand entrenched within its near vertical banks, owing to the
influence of the undersized culvert opening. This channelized section is armored and relatively stable, as
evidenced by the establishment of moss on top of streambed cobbles.
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Figure 23: Reference reach

All three bankfullwidthsBFWs were taken through this section of stream. BFWankful-width
measurements and photographs are provided in Section 2.8.2. The channel substrate is gravels and
cobbles, and a pebble count was performed here as well (Figure 24 and -Figure 25Figure-25). Trees are
present on the banks and in the floodplains, but there is little brush. The reference reach selected is
most likely influenced by the culvert discharge, but a superior reference reach was not found due to the
incised channel banks throughout the channel both upstream and downstream.
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Figure 25: Reference reach substrate (gravelometer for scale)

Downstream of the reference reach, the channel shape changes to become narrower and deeper with
inaccessible floodplains (Figure 26). Both banks are 3 to -4 feet in height and show signs of erosion due
to channel incision (Figure 27). The banks are vegetated with brush and trees, and the substrate is

gravels and cobbles.
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Figure 26: Typical channel conditions downstream of reference reach
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Figure 27: Channel incising and undercut bank

Approximately 30 feet before the end of the survey extents, there is a 6-reh6-inch water level drop over
sedges and sediment present in the channel (Figure 28). At the very downstream end of the survey, the
channel changes shape again, widening and aggrading with limited connections to a small wetland
complex off the right bank. The wetland complex includes areas of ponded water, multiple main channel
connections, and stands of emergent wetland vegetation such as Carex spp. -te-become-wetland-like:
Sedgesare-zreseniin-the-channahk
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Figure 28: WS drop over sedge

The planform in the downstream reach of MP 142.48 overall is characterized by plane-bed morphology.
The channel itself is flat without a defined thalweg, and the slope is approximately 2 percent.

2.7.2 Fish Habitat Character and Quality

Upstream of the US 101 crossing, Harlow Creek and its left bank UNT flow through a mature mixed
forest consisting of alder (Alnus rubra), Western hemlock (Tsuga heterophylla), Douglas fir (Pseudotsuga
menziesii), and western red cedars (Thuja plicata).— There is a dense shrub understory with native
species including evergreen huckleberry (Vaccinium ovatum), salmonberry (Rubus spectabilis), willows
(Salix spp.), vine maple (Acer circinatum), salal (Gaultheria shallon), and sedges and ferns. The shrub
understory is particularly dense at the upstream end of the surveyed reach where the mature tree
canopy recedes back from the stream channel creating an open canopy. Downstream of the small island,
the mature tree canopy covers and shades the stream, and the understory shrubs become much less
dense. The mature forest and shrub cover provides good shading, nutrient inputs, and potential for
LWM recruitment. LWM is important in western Washington streams in that it provides cover for fish
and contributes to stream complexity, which is beneficial to salmonids.

There were many places where large logs and woody material were present within the stream channel
and banks, and LWM was abundant throughout the upstream reach. There were over 50 significant
pieces of LWM in the channel and on the banks, with several locations of log piles. These logs generally
ranged in size from 8 to 36 inches in diameter and also included some root-wads. Much of this wood was

perched above the wetted channel and not interacting with streamflow under low flow conditions.
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There is a large LWM pie-accumulation that covers the stream channel near the downstream end of the
reach. i i i i i

e-The abundant LWM provides geed-cover,
velocity refuge,- and habitat compIeX|ty for fish throughout the upstream reach.-during-higherflows.

Generally, the upstream channel can be characterized by a complex of pools and small sloughs forced by

riparian vegetation, LWM, and rootwads. Pools, and the transition areas between pools and riffles, are

important habitat for adult and juvenile salmon, allowing them to rest and feed. The slow water of pools

also allows the fish to rest and feed on invertebrates that accumulate there; aréwhile the depth

provides protection from predators; as well as cooler water. Further upstream, tFhe stream is mere

smathparrewnarrower and shallower, and instream habitat is comprised predominantly of shallow glides

and riffles with a few small pools associated with LWM. The water was colored dark brown with

abundant tannins;-but-dees-not-pose-a-watergualityissueforsalmeon-use. Fish in western Washington

often utilize waters that are tanictannic and are successful in rearing, growth, and reproduction in these

areas.

The abundant LWM provides habitat complexity and cover for salmonids using this reach for rearing and
migration, particularly during high flow periods; however,- Fthese functions are limited during summer
low flows such as during the field visit where shallow water,-a~¢ LWM jams and pool isolation may

impede juvenile fish movement through this reach. Spawning gravels are limited and the upstream
reach does not provide much suitable salmon spawning habitat and will therefore primarily provide

rearing opportunity for juvenile salmonids.

The downstream reach parallels the highway for the length of the field survey and the riparian corridor
consists of a relatively narrow strip of mixed forest including western hemlock, Douglas fir, and alders.
The right bank is located next to a large timber harvested area that has been replanted with young
conifers, and the riparian corridor of mature trees is also restricted to a narrow strip. Although the
mature tree cover along both banks provides good shading for the stream, the constricted riparian
corridor limits potential LWM recruitment. LWM is much less abundant in the downstream reach than
upstream. There were no pieces of significant LWM within the wetted channel except a 10-inch
diameter conifer log across the top of bankfull about mid-reach. There was an area just downstream of
the culvert that had many large branches and other smaller woody material in and across the channel.
The shrub understory is abundant along both banks and consists of native species including vine maple,
salmonberry, and willows.

The downstream channel is generally straight and lacks habitat complexity. It is predominantly riffle and
glide habitat over small cobbles and fines, with very few pools or cover from LWM. A small scour pool
along an undercut bank provides the only in-stream pool habitat in the downstream reach- However, a
small complex of wetlands including ponded water and emergent wetland vegetation exists off the right

bank with minimal connection to the main channel. This could serve as important water storage and

overwintering refuge for migrating fish. In some areas, s-Sedges and aquatic vegetation have grown
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within the stream channel and were visible during the late-June field visit expressing low flow

conditions. -anrg-tThe substrate is dominated by fines at the downstream end of the surveyed reach.
Suitable spawning habitat for the salmonids that inhabit the stream is lacking in the downstream reach.
This reach is primarily suited to be a migratory corridor, particularly during periods of higher flows.
Some limited rearing habitat is present, but the lack of connection with the adjacent wetlands as well as

pools and habitat complexity reduce this function as fish do not have adequate resting areas or

adeguate cover.
2.8 Geomorphology

Geomorphologic information provided for this site includes selection of a reference reach, the basic
geometry and cross sections of the channel, stability of the channel both vertically and laterally, and
various habitat features.

2.8.1 Reference Reach Selection

A section of stream approximately 45 feet downstream of the culvert (Figure 29Figures29 and 30) was
chosen as the reference reach; because itis-meostrepresentative-ofa-naturally-oceurring streambed;

withit has the least amount of anthropogenic influences within the surveyed limits. This reach has an

approximate average channel gradient of 1.5 percent. A pebble count was conducted at the reference
reach. Figure-30-shews-the-location-of thereferencereach-This reference reach was used primarily for
proposed design channel shape and comparison to proposed hydraulic results throughout this
Preliminary Hydraulic Design (PHD) Report, as the entire upstream reach was influenced by eepieus-an
unnatural ameunts-density of LWM _ from historic logging activities. While the reference reach is not

completely outside of the area of influence from the existing culvert and road prism, and shows signs of

degradation, its selection is acceptable for BFW measurement and channel design-.
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Figure 29: Typical segment of Rreference reach leeking-dewnstreamon June 25, 2021. Flow direction is
from right to left of photo.
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Figure 30: Reference reach
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2.8.2 Channel Geometry

Channel planform at this crossing is characterized by a meandering and undefined channel upstream
with a much straighter and entrenched channel downstream. Upstream, two tributaries converge into
ene-a reach wherechannelbefore flow is significantly influenced by the presence of restricted-by-a
Aarrow-channelwith-several log jams and spreads inte-theonto an accessible floodplain at high flow
events. The slope is approximately 2.2 percent (see Section 2.8.4). Downstream, the channel takes a
sharp bend following the culvert outlet and flows parallel te-with the road prism uati-the-dewnstream
survey-extentswithin a single-threaded, plane-bed channel. The slope is approximately 1 to 2 percent.

The reference reach is located from approximately STA 1+05 to STA 1+90. The cross-section geometry
through this-the reference reach wit-is be-used for design comparison, and the upstream longitudinal
profile slope of 2.2 percent (Section 2.8.4) wilkis be-used for the slope ratio design comparison.

Figure 31Figure-31 shows typical detailed cross sections at the project site developed from the WSDOT
survey: one upstream of the U.S. 101 crossing, one just upstream of the culvert, and one downstream of
the culvert. The upstream-most cross section shown (STA 4+16) is narrow, with a wide, flat floodplain
that is often wetted due to the abundance of LWM fereing-spreading flow out of the channel. The cross
section just-immediately upstream of the culvert (STA 3+18) is-includes a large scour pool in front of the
culvert as all flow rejeinrs-converges at the ehannelculvert inlet approach. The downstream-most cross

section shown (STA 1+56, in the reference reach) has the widest channel shape with a defined thalweg

and terraced floodplains. Frem-thisfigureitis-clearthattThe channel geometry within the reference

reach (STA 1+56) provides the best-available reference cross section for the design of the proposed
crossing to provide adequate depth at low-flows and an accessible floodplain surface near channel-

forming flows.

The width-to-depth ratio is measured at the reference reach cross section at STA 1+56 and is
approximately 6:1. The channel averages 1 to 1.5 feet deep. The channel evolution stage was evaluated

in the reference reaches and estimated to be in Stage | of the Channel Evolution Model (Schumm et al.
1984).
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estimates of BFWs were eriginaty-estimated-derived using-from severaltwo methods. First, using the
existing-conditions model in SMS (described below in section 4), the 2-year flow top width was
measured-computed at severalthree locations. Secend,—=aAt these same locations, the top of bank width
was also measured based on the topographic survey provided by WSDOT (Figure 32, and listed in Table

3). Frelecntiensdhere-these-three- B R s vererneasuradaredandified-n-Faure A€ od-r 3

3-BFW 2B is located in the identified reference reach and BFW 1€ is just-immediately upstream; the
detailed BFW cross sections ean-be-feundare shown in Figure 32Figure-32.

Fhe-measurementsatthese-threelocations-were-averaged—The average 2-year top width (modeled)
was-is 10.9 feet, while the average top of bank width (surveyed) was-is 9.6 feet. The average of these

two-measurements values results in an initial estimated-BFW estimate of 10.3 feet.

For comparison, a BFW was calculated based on the WCDG (Barnard et al. 2013) regression equation for
high-gradient, coarse-bedded streams in western Washington. Using the basin area (0.31 square mile)
and average mean annual precipitation (116.8 inches [in]/year) the regression equation estimates a BFW
of 10.3 feet, the same value as the initial estimated BFW. The WCDG regression equation method BFW

was not used to determine a design BFW; but is provided for informational purposes and for
comparison. Fhe-initialestimated BRW-of 103 feetisequal-to-the WEDGre i i
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Figure 32: Location of bankfull width measurements
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Table 3: Bankfull width measurements-estimates from hydraulic model and WSDOT topographic

survey
2-Year Top Width = Top of Banks Width Included in
BFW # N
from Model (ft) from Survey (ft) Design Average Concurrence Notes
WDFW and Tribe
1 (STA 1+97) 9.2 10.7 Yes s fe
- stakeholdermeeting
held
WDFW and Tribe
2 (STA 1+32) 8.5 9.3 Yes concurNe-stakeholder
meeting-held
WDFW and Tribe
A3 (STA concur Ne
0+20) 14.3 10.2 Yes stakeholdermeeting
held
No-stakeholder
meeting-held
No-stakeholder
meeting-held
Design 10.9 9.6
average
Overall
design 10.3
average

Once-aDuring the first site visit conductedwas-perfermed on July 28%, 2020 three initial BFW
measurements were taken in the field downstream of the crossing te-aveid-the-influenceof- LA Min the
reference reach, see Table 4Table-4. The BFWs-measurements ranged from 7.4 to 7.9 feet, resulting in

an average width of 7.6 feet. See Appendix B for bankfull width measurement photos. Figure-33;-Figure

4 and aure a¥allV a¥a a3m end aVal ARere—g hroa BEN Were-measHregmeasyremen

taken—and-Figure 30Figure30 shows the everalHeocation-where-these BRWs-were-measured|ocation of
the respective three measurements.

Table 4: Bankfull width measurements from first site visit on July 28, 2020

BFW # Width (ft) ' Included in design average
1 7.9 YesNo
2 7.4 YesNo
3 7.5 YesNo

Design-aAverage 7.6
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A second site visit was conducted on June 25, 2021 to independently evaluate the BFW. Field
measurements were taken at previously occupied transects in the reference reach according to
vegetation, surface sediment, and topographical features. BFW measurements from the second site visit

are shown in Figure 33Eigures36,-Figure 34Figure 37, and Figure 35Figure38 which reoccupy BFW sites
1, 2, and 3 from the first site visit, respectively.

Figure 33: BFW 1 from the second site visit on June 25, 2021
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Figure 35: BFW 3 from the second site visit on June 25, 2021

A summary of BFW measurements from the second site visit listed in Table 5Fable 5, which were taken
at the same locations as the first site visit. The difference in measurements is attributed to inclusion of
inset floodplain surfaces connected to the left bank at channel forming flows during the second site visit.
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Inundation of these accessible benches are typical for low-to-moderate grade streams with sinuous
planforms and broad floodplains, such has Harlow Creek.

Table 5: Bankfull width measurements from second site visit on June 25, 2021

BFW # Width Included in design Concurrence notes
(ft) average
1 11.0 Yes WDFW and Tribe concur Fribe
SSREHEFERSR
2 11.25 Yes WDFW and Tribe concurFribe
SoREEAER
3 9.0 Yes WDFW and Tribe concurFribe
- SSREHEFERER
10.4 .
Average WDEW and Tribe-concur

The average BFW from the second site visit is 10.4 feet, which validates the initial BFW estimate of 10.3
feet. WDFW and the Tribe performed individual site visits to measure BFWs and a concurrence meeting

was held virtually on August 9, 2021 to agree on a desigh measurement—The QIN{Tribel gave

2.8.3 Sediment

One pebble count was taken during the July 2020 site visit, approximately 45 feet downstream of the

crossing within the reference reach with 300 particles. Two pebble counts of 100 particles each were

taken during the June 2021 site visit, one upstream and downstream of the crossing. The upstream

pebble count was taken approximately 120 feet upstream of the culvert inlet and the downstream

pebble count occupied the 2020 pebble count location.

7

The results of the pebble count indicated that the bed material was composed primarily of fine and

medium to coarse gravels and small cobbles. While-counting-it-wasapparentfrom-both-the

. . - The cumulative distribution and pebble sediment sizes for the upstream

pebble count is provided in Table 6 and Figure 36. A photo of the downstream substrate is provided in
Figure 37Figure39Figure-36 with a gravelometer for reference. Table 7Table#Fable5 and Figure

38Figure-40 provides a summary of downstream pebble count data. Fheresulis-efthe-pebble-count
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Table 6: Upstream sediment properties from 2021 pebble count

Particle Upstream Upstream
Diameter (in) Diameter (mm)
D16 0.1 2.5
Dsg 0.1 3.6
Dgy 0.3 8.4
Dos 0.8 21.0
D100 1.3 33.0
SAND GRAVEL CoBBLE BouULDER
vf fine med coarse Ve fine coarse
100 - o @ «—eo °
o = .,a?’
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Figure 36: Upstream sediment distribution from 2021 pebble count
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Figure 37: Downstream Ssubstrate with gravelometer for reference from first site visit on July 28, 2020
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Table 7: Downstream sSediment properties efproject-crossingfrom-first site-visit-onduly 28,2020

2020 Count 2021 Count
Sediment Size Diameter (in) Diameter (mm) Diameter (in) Diameter (mm)
Dy 0.4 10.2 0.4 10.2
Ds, 1.3 33.0 14 35.6
Dgy 2.9 73.7 3.0 76.2
Dgs 4.0 101.6 4.8 121.9
D100 10.1 256.5 7.1 180.3
SAND GRAVEL CoBBLE BOULDER
vf fine med coarse Ve fine coarse
100 ."‘:——('
90 o =
i S =
e 70 —_— — _— ]
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Figure 38: Downstream Ssediment size distribution-frem-first-site-visit-onJuly-28,2020
2.8.4 Vertical Channel Stability

A long channel profile was developed from 2020 WSDOT survey data and 2011 light detecting and
ranging (LiDAR) data (Watershed Sciences 2011). Both efthese-data sets show the road embankment at
the crossing locations. The channel profile (Figure 39Figure 41Figure38) describes slepes-the channel
bed approximately 2,000 feet upstream and 3,000 feet downstream from the project culvert and

includes major landmarks along the tributary. Upstream of the survey extents and almost all the way

crossing in this reach that appears as a bump on the LiDAR profile and may affect the stream slope. At
thispeirtBelow this, the tributary travels through the culvert at MP 142.68 (the next downstream
WSDOT crossing) at an approximate slope of 0.8 percent for 500 feet. Farther downstream, the slope
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stays at approximately 1.5 percent for approximately 2,000 feet. The slopes and channel geometries
within the survey extents are described in more detail in the paragraphs below.

The upstream channel is unconfined and undeveloped. The channel is characterized by the presence of
several stable log jams captured in the survey. As a result, pools have formed, and flow has-spreads out
into the floodplains throughout the upstream reach at al-presumably most high flow events.

Additionally, the log jams have been decelerating the approach velocity of the flow;- and limiting
degradation in the upstream reach. Starting at the upstream extents of the survey approximately 200
feet upstream of the culvert inlet, the channel has a slope of approximately 1.1 percent for
approximately 50 feet and is made up of two separate tributaries that jein-tegetherabeutmeet nearly
140 feet upstream of the culvert inlet. After-Approximately 50 feet below the confluence, the channel

steepens to approximately 5 percent and continues until it reaches the upstream culvert inlet. There is
potential for degradation-erosion at the upstream inlet of the culvert because-due to the floodplain flow
allenterstheconverging with the main channel again-at thispeinte structure opening;. Conditions
ereatingaleading to local contraction scour peelare likely to persist with-anas long as the undersized
structure remains but does not pose a long-term or reach-wide risk of vertical channel instability.

Downstream, the channel has both confined and unconfined stretches. ltappearsthatfFrom the culvert
outlet to apeinrtapproximately 110 feet downstream, the channel is confined and entrenched within
defined banks. At this point, the left bank becomes low and terraced and flow spills out into the
floodplain, creating an unconfined channel. Throughout the entire downstream reach, the average slope
of the surveyed extent is approximately 1 percent unati-the-extents-of-the-survey-approximately-250-feet
dewnstream-efbelow the culvert outlet. The existing drop at the culvert outlet will be removed,
including scour protection rock, in proposed conditions and-tieby daylighting the channel into the

downstream ehannelbed elevations at a constant slope, re-ispetential-fordegradation-erosionatthe

belewthoughthethis armored downstream reach is stable. Fhere-islittle potentialforaggradationin
thereach—Upstream;sSediment supply, composed-is primarily of fines with gravel, is depesits-deposited
near the existing log jams. Sediment yield potential within the basin is-tikely-temay fluctuate with

changes to land use and land esvercover but does not pose a significant risk of aggradation in the
project reach.
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Figure 39: Watershed-scale longitudinal profile with average slopes
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Figure 40: Watershed-scale long profile with polynomial equilibrium slope line

2.8.5 Channel Migration

Channel migration was assessed primarily by-through using-histericalimageryand-rmeodelingresultsfield
observations. The historical aerial imagery gives-provides little-infermationfew insights on channel

migration near the project site because-the-channeHsinaforested-area,makingitdifficultto-decipher
where-the-channeHsin-each-aerialphoetedue to canopy cover. The upstream-most reach within the

survey extents has its channels filled with an abundance of debris and wood from historical logging

activities, including a wood accumulation that totals 60 feet in length. There are several accumulations

formed by key pieces across the middle of the channel. The cumulative effect of the logjams are split

flow paths, creation of broad floodplain surfaces, and deposition of fine sediment. Where wood is not

present, a low flow channel is carved from unconsolidated fine sediment.

Significant bank erosion in -the upstream reach is present in the approach channel to the culvert inlet,

which is likely driven by flow contraction at high flow events. The straightened plane-bed planform of

the approach reach is indicative of channel incision from elevated velocities rather than lateral channel
migration.
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Downstream, there are terraces thatare-activated at higher flows, but the channel itself is confined and

there is a low risk for channel migration. The channel is largely straight with low sinuosity. Ne-channel

lewActive bank erosion was observed on the right bank immediately downstream of the current culvert
outlet, though the extent is localized to the outside meander bend. Given that the left bank floodplain
bench is accessible during approximate 1-year flow events to alleviate erosive energy in the main

channel, the risk of channel migration in the project reach is low.

2.8.6 Riparian Conditions, Large Wood, and Other Habitat Features

Clearcutting of forests throughout the region over the past century has resulted in major changes to the
riparian systems along most streams and has created smaller, and less diverse riparian corridors and
reduced stability of stream systems. The forest surrounding the upstream reach is a mature mixed forest
consisting of alder, Western hemlock, Douglas fir and some western red cedars. -The surrounding
conifer forested area is secondary growth from previous timber harvest. The shrub understory is
particularly dense at the upstream end of the surveyed reach where the mature tree canopy recedes
back from the stream channel creating an open canopy. Shrub species were dominated by native species
including salmonberry, willows, vine maple, salal, and sword fern.

Abundant LWM was observed throughout the upstream reach. There were over 50 significant pieces of
LWM in the channel and on the banks, with several locations of log piles and log jams. These logs
generally ranged in size from 8 to 36 inches in diameter and alse-included some root-wads.
Approximately 50 feet upstream of the culvert, Nearthe-downstream-end-efthereach-there is a large
LWM gpite-accumulation that completely eevers-spans the channel. Multiple flow paths have been

created in and around this accumulation with a large pool forming just upstream of it.with-thestream

located near the upstream extents of the survey, act to encourage bank overtopping during high flow

events.—Fhese-three arge 3:_.. Fre-potentialhv—causine—theflow-in-the eam-to-sbread-outinte

The downstream reach parallels highway 101 for the length of the field survey.-are-t The riparian
corridor consists of a relatively narrow strip of mixed forest between the road prism and the stream

including western hemlock, Douglas fir, and alder-between-theroadprism-and-thestream. The stream

flows through a former timber harvested area and right bank riparian corridor is limited to a narrow

strip approximately 30 feet in width by the edge of a relatively recent timber harvested cut-block with
young, replanted conifer trees. Although the mature tree cover along both banks provides good shading
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for the stream, the constricted riparian corridor limits potential LWM recruitment. LWM is much less
abundant in the downstream reach than upstream. There was only a single piece of significant LWM
across the bankfull channel and a few areas with debris jams of branches and small material.

The downstream reach is fairly-uniferm-and-straightcomposed of a straightened plane-bed channel; with
little habitat variability and devoid of deep pools. are-tacking-threugheutthe surveyedreach:

No beaver activity was observed in the upstream or downstream reach.
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3 Hydrology and Peak Flow Estimates

Harlow Creek is within an ungaged basin, with no long-term historical flow data available. A gaged basin
with similar characteristics was not located. One previous hydrologic report was found for this basin; in
2017, a Basis of Design Report was written for U.S. 101 MP 146.85 Harlow Creek (WSDOT 2017). This
report estimated a total drainage area of 3.97 square miles for the Harlow Creek watershed within the
Quinault Reservation. Hydrology was analyzed using both the MGSFlood and USGS Regression equations
methods; the USGS Regression equations were used because that method yielded more conservative
flows. The USGS Regression equations (Mastin et al. 2016) for Region 4 were used to estimate peak
flows at the U.S. 101 MP 142.48 crossing (Table 8Fable-6). Inputs to the regression equation included
basin size and mean annual precipitation. Harlow Creek at the crossing has a basin area of 0.31 square
mile and a mean annual precipitation within the basin of 116.8 inches (PRISM Climate Group 2019). The
basin was delineated from LiDAR data acquired from the Washington DNR LiDAR Portal (Watershed
Sciences 2011) using Arc Hydro. The basin can be seen in Figure 40Figure-39. Flows were calculated
based on the watershed as a whole; and divided into the left UNT and mainstem Harlow Creek-and-right
tributaries based on their respective drainage basins. The 2-year peak flow was estimated to be 37.6

cubic feet per second (cfs) and the 100-year flow was estimated to be 110.0 cfs. Summer low flow
conditions are unknown. Average standard error varied from 50.5 to 58.0 percent. Standard error was
not applied to the flows used in the hydraulic modeling. Table 8Fable-6 shows the calculated peak flows
for Harlow Creek at U.S. 101 MP 142.48. For more information on how the 2080 predicted 100-year flow
was determined see Section 7.2.

Table 8: Peak flows for Harlow Creek at U.S. 101 MP 142.48

USGS regression equation (Region 4)

Mean recurrence (cfs) .
. Regression standard
interval (MRI)
(years) Harl error (percent)
Left UNT ariow Total
Creek
2 6.7 30.9 37.6 52.5
10 10.9 50.7 61.6 50.5
25 12.8 59.8 72.6 51.7
50 14.4 66.9 81.3 52.9
100 16.1 75.0 91.1 54.2
500 19.5 90.5 110.0 58.0
2080 predicted 113.2 NA
100-year
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4 Hydraulic Analysis and Design

The hydraulic analysis of the existing and proposed U.S. 101 MP 142.48 Harlow Creek crossing was
performed using the U.S. Bureau of Reclamation’s (USBR’s) SRH-2D Version 3.2.4 computer program, a
two-dimensional (2D) hydraulic and sediment transport numerical model (USBR 2017). Pre- and post-
processing for this model was completed using SMS Version 13.0.12 (Aquaveo 2018).

Three scenarios were analyzed for determining stream characteristics for Harlow Creek with the SRH-2D
models: (1) existing conditions with the 4-foot-diameter CMP, (2) natural conditions with the roadway
embankment removed beyond the wetted extents and the channel graded to match the proposed

grade, and (3) future conditions with the proposed 15-foot hydraulic opening.

41 Model Development
This section describes the development of the model used for the hydraulic analysis and design.
4.1.1 Topographic and Bathymetric Data

The channel geometry data in the model were obtained from the MicroStation and InRoads files
supplied by the Project Engineer’s Office (PEO), which were developed from topographic surveys
performed by surveyors hired by WSDOT prior to March 13, 2020. The survey data were supplemented
with LiDAR data (Watershed Sciences 2011). The LiDAR data were collected on the Quinault River Basin
survey area for the Puget Sound LiDAR Consortium and the Quinault Indian Nation over approximately
370 square miles. Both airborne survey and ground survey were used to gather information for this
deliverable.

Proposed channel geometry was developed from the proposed grading surface created by HDR. All
survey and LiDAR information is referenced against the North American Vertical Datum of 1988
(NAVDS88) and tied into the WSDOT grid using the NAD83 (1991 HARN) Horizontal Datum.

4.1.2 Model Extent and Computational Mesh

The hydraulic model upstream extents begin with the detailed survey data and start approximately 240
feet upstream of the existing culvert inlet. LiDAR data are stitched in as well to the east and west of the
upstream survey extents to capture the unconfined channel. The hydraulic model downstream extents
end with LiDAR beyond the survey data. The detailed survey data end approximately 230 feet
downstream of the existing culvert outlet, measured along the channel centerline. LiDAR data continue
for another 35 feet to accurately capture the flow leaving the model. In addition, LiDAR data are used to
detail east and west of the downstream boundary condition because some flow exits the model in a
different location from the surveyed downstream end of the reach.

The computational mesh elements are a combination of patched (quadrilateral) and paved (triangular)
elements. Finer resolution was used in the channel (with the exception of large pools) and wherever else
it was simple to use quadrilateral elements, while larger elements were used in the floodplain. The
existing-conditions mesh covers a total area of 122,000 SF, with 5,575 quadrilateral and 17,979
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triangular elements (Figure 41Figure-408). The natural-conditions mesh, simulating what the creek would
look like in its existing alignment without the roadway, covers a total area of 122,000 SF, with 5,492
quadrilateral and 18,283 triangular elements (see Figure 42Figure-41). The proposed-conditions mesh
covers a total area of 122,000 SF, with 5,059 quadrilateral and 18,313 triangular elements (see Figure

43Figure-42).

Mesh Module 2
388.0 uns Fest (US. Sunvey)
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Figure 424241: Existing-conditions computational mesh with underlying terrain
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Figure 434342: Natural-conditions computational mesh with underlying terrain
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Figure 444443: Proposed-conditions computational mesh with underlying terrain

4.1.3 Materials/Roughness

Manning’s n--values (roughness) were estimated based on site observations, aerial photography, and
standard engineering values (Chow 1959) and are summarized below (Table 9Fable7). Roughness in the
upstream and downstream floodplain are characterized by 0.12—heavy stands of timber, because of the
densely forested landscape. The floodplain near the reference reach is characterized by 0.10, because
the forest and shrubs in this location were less dense than elsewhere in the reach. The downstream
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channel is 0.045, defining the main channel as clean and winding with some pools, shoals, weeds, and
stones. The upstream channel is 0.06 because of the amount of LWM found in the channel. These values
are listed in Table 9FableZ. Roughness values between existing and proposed conditions remained the
same except for material inside the proposed structure and the upstream-downstream grading; see
Figure 44Figure43 and Figure 45Figure-44 for a spatial distribution of hydraulic roughness coefficient
values.

Table 9: Manning's n-value hydraulic roughness coefficient values used in the SRH-2D model

Land cover type Manning's n
Upstream Channel 0.860675
Downstream 0.045
Channel £
Proposed-Channel
Proposed Channel 0.060
Floodplains 0.12
Reference Reach 0.10
Floodplains
Roadway 0.02
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Figure 454544: Spatial distribution of roughness values in SRH-2D existing-conditions model
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Figure 46: Spatial distribution of roughness values in SRH-2D natural-conditions model
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Figure 474745: Spatial distribution of roughness values in SRH-2D proposed-conditions model
4.1.4 Boundary Conditions

Model simulations were performed using a quasi-steady inflow, with the design eenstant-discharges
rangirefrom-the-(2-year to 500-year peak flow events) run to equilibrate within the model domain
summarized-in-Seetion-3. External boundary conditions were applied at the upstream and downstream
extents of the model domain and remained the same between the existing- and proposed-conditions

runs. Two eenstantinflow rates-hydrographs were specified at the upstream external boundary
condition to represent the two tributaries, while two normal depth rating curves were specified at the
downstream boundary: one at the channel exit, and one across the roadway for roadside drainage
where flow is also leaving the existing-conditions model at higher flow events. The downstream normal
depth boundary condition rating curve at the channel exit was developed within SMS using the existing
terrain, assuming a downstream slope of 2.5 percent as measured from the survey and a composite
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roughness of 0.09. See Figure 46Figure-45 for the channel downstream boundary conditions and Figure
A47Figure-46 for the resulting rating curve. The downstream normal depth boundary condition rating
curve at the roadside drainage was developed within SMS using the existing terrain, assuming a
downstream slope of 2.0 percent as measured from LiDAR and a composite roughness of 0.12. See
Figure 48Figure-47 for the roadside drainage downstream boundary conditions and Figure 49Figure48
for the resulting rating curve. A sensitivity analysis on the downstream boundary condition was
performed to obtain an accurate representation of the water surface profile and to determine if the
boundary condition assumption affected hydraulics within the U.S. 101 crossing project extents. Model
simulations were run for a sufficiently long duration until the results stabilized across the model domain.

An HY-8 internal boundary condition was specified in the existing-conditions model to represent the
existing circular CMP culvert crossing. The existing crossing was modeled as a 4-foot-diameter circular
pipe within HY-8. A Manning’s roughness n-value of 0.024 was assigned to the culvert. The culvert was
assumed to be unobstructed and free from any stream material within the barrel. See Figure 50Figure
49 for the HY-8 boundary conditions. See Figure 51Figure-58 for a map showing the location of each
boundary condition in the existing-conditions model. A symmetrywall (no-slip) boundary condition was

specified in the proposed-conditions model to betterrepresent flow inside the proposed structure.

See Figure 52Figure-54 for a map showing the location of each boundary condition in the natural-
conditions model.

U.S. 101 MP 142.48 Harlow Creek: Preliminary Hydraulic Design Report Page 62



4 @ E
| Options

Type: WNormal depth rating curve =

Ground Elevation Dataset: select... z B
Units: U.5. Units =

Composite Mannings N:

Slope: .025

Populate Flows

Max: (120

pet Add |

Flows (Q) ~

: |

; |

10 ¥ |

-y — L

1 Plot... :
Help oK Cancel |

Figure 484846: Channel downstream boundary condition input

Profile

347.8

347.6

347.4

347.2

347.0 —

WSE

346.8
346.6
346.4 —
346.2

346.0

[ [ | [
0 20 40 60 80 160 1&0
vol/sec

Figure 494947: Channel downstream normal depth rating curve
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Figure 525250: HY-8 Culvert parameters for existing conditions simulation
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4.1.5 Model Run Controls

The model controls used in the simulation for every flow event are shown in Figure 54Figure53. The
result output frequency used was once per minute (0.016 hour) to begin with to troubleshoot the
rmedelandmodel and graduated to every 15 minutes (0.25 hour) once the model was stable.

e

General Flow Output

Hydrodynamics

Simulation Description:

|Descripti0n |

Case Name:

|Case |

Temperature Modeling:
|:| Use temperature modeling
Start Time (hours):

0.0 |

Time Step (seconds):

[1.0 |

End Time (hours):

[2.0 |

Initial Condition:

Dry =

Figure 565654: Model controls
4.1.6 Model Assumptions and Limitations

The SRH-2D hydraulic model was developed to determine the minimum hydraulic structure opening,
establish the proposed structure low chord elevation (and associated freeboard), and characterize
hydraulic parameters used to design the crossing. The use of a constant inflow rate is an appropriate
assumption to meet the model objectives. Using a constant inflow rate provides a conservative estimate
of inundation extents and water surface elevation (WSEL) associated with a given peak flow, which is
used to determine the structure size and low chord.

Using the approach described in this study, each scenario is run for a sufficient time to fill storage areas
and for water surface elevations to stabilize until flow upstream equals flow downstream. This modeling
method does not account for the attenuation of peak flows between the actual upstream and
downstream hydrographs, in particular with a large amount of storage upstream of the existing
undersized culvert. During an actual runoff event, it is unlikely that the area upstream of the culvert
would fill up entirely. An unsteady simulation could be used to route a hydrograph through the model to
estimate peak flow attenuation for existing and proposed conditions. During an unsteady simulation, the
areas upstream of the existing culvert would act as storage and, as a result, the flow downstream of the
crossing would likely be less than the current design peak flow event. Estimates of the-downstream
increases to water surface elevation and flow based on the constant inflow model results may then
underestimate the downstream flood impacts. An unsteady analysis is outside the current scope of this
preliminary study; but could be considered at a later stage of design. Therefore, the changes to the peak
flow rate downstream of the project cannot be quantified with this approach.
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The model results and recommendations in this report are based on the conditions of the project site
and the associated watershed at the time of this study. Any modifications to the site, man-made or
natural, could alter the analysis, findings, and recommendations contained herein and could invalidate
the analysis, findings, and recommendations. Site conditions, completion of upstream or downstream
projects, upstream or downstream land use changes, climate changes, vegetation changes, maintenance
practice changes, or other factors may change over time. Additional analysis or updates may be required
in the future as a result of these changes.

4.2 Existing-Conditions Model Results

Locations of the cross sections used for results reporting for existing-, natural-, and proposed-conditions
models are shown in Figure 55Figure-54. Three cross sections are located upstream and three are
located downstream, with one in the center of the existing culvert and proposed structure. The
longitudinal profile stationing can be seen in Figure 56Figure-55.

Existing-conditions hydraulic results across the main channel are summarized for the upstream and
downstream cross sections in Table 10Fable-8. Under existing conditions, the culvert does not have
capacity to convey the design flow. This causes backwater to fill the area upstream for the range of
flows simulated (in Figure 57Figure-56). Pressure flow conditions first occur at the 2-year flow event,
when the headwater elevation exceeds 354.2 feet. The U.S. 101 roadway was not overtopped at the
project culvert, but a smaller unnamed roadway heading-aligned due west eff-of U.S. 101 is overtopsped
at both the 100-year and 500-year events leading some flow to bypass the culvert.

Typical cross sections for downstream and upstream are found in Figure 58Figure-57 and Figure
59Figure-58, respectively. The downstream cross section shows a channel that, while confined, has an
accessible floodplain. The upstream cross section shows an unconfined channel spreading flow into the
floodplains at low flows. All cross sections were drawn perpendicular to flow. The 100-year velocity map
for existing conditions can be seen in Figure 60Figure-59. All cross sections are presented in Appendix C.

As a result of the backwater associated with the 48-inch-diameter culvert, the upstream depths are
greater than the downstream reach. In addition, the cross section directly upstream of the structure
(within the limits of backwater) has smaller-lower velocities and shear stresses than the other cross
sections throughout the stream. Despite an average slope of approximately 3 percent compared to the
downstream slope of 1 percent, the upstream reach cross sections have smaterlower velocities than
the downstream reach because existing log jams cause the flow to spread out across the floodplains
outside of the main channel. Downstream velocities range from 3.0 ft/s to 5.8 ft/s during all flow events,
while upstream velocities range from 1.0 ft/s (because-efdue to backwater conditions) to 4.1 ft/s during
all flow events. Shear values remained consistent throughout the entire stream reach; they ranged from
0.6 to 1.6 pound per square foot (Ib/SF) in the downstream cross sections, and from <0.1 to 1.8 Ib/SF in
the upstream cross sections. When looking at the entire model domain, the targest-highest velocities
occurred at the culvert outlet and at the cross section farthest downstream, where no backwater is
presentpresent, and the flow is more confined than in the upstream cross sections. Figure 30 shows the
100-year velocity map with the cross--section locations depicted. Average velocities across the main
channel, left overbank (LOB), and right overbank (ROB) of each cross section for the 100-year flow are
shown in Table 11TableS.
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Table 10: Hydraulic results for existing conditions within main channel

pk;‘::::::r Cros(sS:eAc)tlon 2-year 100-year 500-year
1+14.03 348.3 348.9 349.0
1+55.82 348.8 349.8 349.8
Average water 1+94.01 349.2 350.0 350.0
surface elevation 2+65.97 3534 354.4 354.8
(ft) 3+18.11 354.3 356.6 356.9
4+15.61 356.9 357.2 357.3
4+30.97 357.3 357.6 357.7
1+14.03 1.7 2.4 2.4
1+55.82 1.7 2.7 2.8
Maximum water 1+94.01 1.6 2.4 2.4
depth (ft) 2+65.97 1.8 2.8 3.2
3+18.11 34 5.7 5.9
4+15.61 2.2 2.6 2.7
4+30.97 2.1 2.5 2.6
1+14.03 4.1 5.7 5.8
1+55.82 3.0 3.8 3.8
regEre e 1+94.01 3.6 4.8 4.8
magnitude (ft/s) 2165.97 58 RS 10.4
3+18.11 1.2 1.0 1.0
4+15.61 33 4.1 4.1
4+30.97 2.6 3.7 3.8
1+14.03 1.0 1.6 1.6
1+55.82 0.6 0.6 0.6
Average shear 1+94.01 0.9 1.2 1.2
stress (Ib/SF) 2465.97 .8 14 16
3+18.11 <0.1 <0.1 <0.1
4+15.61 1.3 1.8 1.8
4+30.97 0.9 1.3 14
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Figure 606058: Typical downstream existing-conditions channel cross section (STA 1+94)
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Table 11: Existing-conditions velocities including floodplains at select cross sections

Q100 average velocities (ft/s)
Location

Main

LOB? Ceh. ROB?
1+14.03 0.7 5.7 2.0
1+55.83 1.2 3.8 1.1
1+94.01 1.4 4.8 0.9
2+65.97 NA 9.5 NA
3+18.11 0.4 1.0 0.2
4+15.61 0.8 4.1 1.0
4+30.97 0.5 3.7 0.8

a. ROB/LOB locations were approximated at the tops of banks from inspecting the surface
and 2-year top width.

4.3 Natural-Conditions Model Results

Natural-conditions hydraulic results for the main channel are summarized for the upstream and
downstream cross sections as well as the cross section within the proposed crossing in Table 12Fable10.
To create the natural conditions run, the road prism was removed beyond the wetted extents of the

channel (approximately 50 feet of road were removed for this site), and the reference reach channel

cross section was extended through the area otherwise occupied by the structure. Under natural

conditions, the crossing does not backwater or overtop the smaller unnamed roadway heading west off
of U.S. 101. However, flow is still spread across the floodplain in the upstream, unconfined channel
because of accessible floodplains and log jams that cause the channel to spread. The WSELs for the
range of flows simulated are shown in Figure 61Figure-68. The 2080 predicted 100-year flow WSEL is
nearly equal to the 500-year flow.

Upstream depths are similar to those in the downstream reach. The upstream depths range from 1.45 to
2.66 feet in upstream cross sections, while downstream depths range from 1.31.2 to 3.80 feet. Depths
are 1.24 to 2.21.9 feet through the removed road embankment. Velocities are-alse-similar—they-range
from 2-62.9 to 4.95-2 ft/s in the upstream reach, and from 3-03.1 to 6.12 ft/s in the downstream reach.
The velocity is 4-43.6 to 6-44.8 ft/s through the space the culvert previously occupied. The similarities in
velocity are easily explained by looking at the cross-section shapes and slopes; while the slope is
approximately 2.23 percent upstream, flow also spreads farther out across floodplains. Downstream,
the slope is roughly 1.5 percent, but flow is confined mostly to the channel and occasional accessible
floodplains. Velocity-through-the-ero ection-where the culvertwaspreviouslylocated-is-highe
percent-Shear values range from 9:60.9 to 2:22.0 Ib/SF in the dewnstream-upstream cross sections, and
0.75 to 2.04 Ib/SF in the upstream-downstream cross sections. Shear in the former culvert cross section
ranged from 1.3 to 2-21.9 Ib/SF. When looking at the entire model domain, the largest velocities
ecedrroccursed inside-the-fermereulvertstreteh,and-alseattwelecations-upstream where flow enters
pools around log jams. Average velocities across the main channel, LOB, and ROB of each cross section
for the 100-year flow are in Table 13Fable11. A velocity map showing the 100-year flow is in Figure

64Figure-63.
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Typical cross sections for downstream and upstream are found in Figure 62Figure-6% and Figure
63Figure-62, respectively. The downstream cross section shows a channel that, while confined, has an
accessible floodplain. The upstream cross section shows an unconfined channel spreading flow into the
floodplains at low flows. All cross sections are provided in Appendix C.

Table 12: Hydraulic results for natural conditions within main channel

Hydraulic Cross-section 2080
2-year 100-year predicted 500-year
parameter (STA)
100-year

1+14.03 348.3348.3 349.0349-0 349.2349-2 349.1349.1
1455.82 348.8348.8 349.8349.8 350.1350-1 350.0350-1
Average water 1+94.01 349.83492 350.4350-1 350.6350-4 350.6350-3
surface elevation 2+65.97° 351.33544 351.93546 352.1354-8 352.13517
(ft) 3+18.11 352.4352.6 353.0353-2 353.2353.4 353.2353.3
4+15.61 356.9356-9 357.33572 357.33573 357.335743
4+30.97 357.23573 357.6357%6 357.735%% 357.735%%

1+14.03 1737 2424 2.62:6 2.62:6

1+55.82 1737 2.727 3.03-0 3.03-0

) 1+94.01 1312 1.921 2.12:4 2123

Ma’;;‘::(:)ater 2+65.97° 1412 2.01.8 2.219 2119

3+18.11 1534 2.120 2,222 2.222

4+15.61 2.32:2 2.625 2.62:6 2.62:6

4+30.97 21241 2.425 2.52:6 2.525

1+14.03 4241 5.757 6.16:2 6.16-%

1+55.82 3.13:0 3.938 4139 4139

loci 1+94.01 4144 5.249 5.34:8 5.34:8

‘:\n"a‘::igtf‘;’: ("f:}?)’ 2+65.97° 3.64:4 4.66:1 4.86.4 4.86.4

3+18.11 3.63-6 4.64-8 4,952 4,951

4+15.61 3.333 4143 4.343 4242

4+30.97 2.926 3.93.7 4.13.9 4.13.9

1+14.03 1.0%0 1.616 1.84:8 1.84:8

1+55.82 0.50-6 0.76-6 0.76-7 0.70-7

h 1+94.01 1.733 2.412 2411 2411

Ttlfer:f?u: /Se:)r 2+65.97° 1.313 1.819 1.921 1,920

3+18.11 1.30-7 1.812 2.033 2.033

4+15.61 1.333 1.84.9 1.92.0 1.92.0

4+30.97 0.90-9 1.413 1.534 1.534

a.  Cross section located at removed roadway embankment.
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Figure 646462: Typical downstream natural-conditions channel cross section (STA 1+94)
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Figure 666663: Typical upstream natural-conditions channel cross section (STA 4+31)
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Figure 676764: Natural-conditions 100-year velocity map with cross-section locations

Table 13: Natural-conditions velocities including floodplains at select cross sections

Q100 Average Velocities (ft/s)

Location
LOB® Main Ch. ROB?

1+14.03 0.767 5.757 1.926
1+55.83 1.212 3.938 1.012
1+94.01 1413 5.249 1.214
2+65.97° 1.722 4.66:% 1.823
3+18.11 1.214 4.64-8 0.86:9
4+15.61 0.86:8 4.141 1.0%6
4+30.97 0.56:5 3.937 0.86:8

a. ROB/LOB locations were approximated at the tops of banks from inspecting the surface
and 2-year top width.
b.  Cross section located at removed roadway embankment.
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4.4 Channel Design

Channel design for proposed conditions includes the floodplain utilization ratio (FUR), channel planform,
shape, alignment, and gradient.

4.4.1 Floodplain Utilization Ratio

The FUR is defined as the flood-prone width (FPW) divided by the BFW. FPW is the water surface width
at twice the bankfull depth, or the width at the 50-year to 100-year flood. A ratio under 3.0 is
considered a confined channel and above 3.0 is considered an unconfined channel. When removing the
culvert backwater influence by performing a model run simulation with a 20-foot-diameter culvert, the
FPW upstream of the culvert inlet was measured three times, and the FPW downstream was measured
twice. These values are identified below in Table 14Table-12, and the locations where they were

measured are shown in Figure 65Figure-64.

Using a BFW of 10.3 feet, these FPWs result in an average FUR of 7.9, denoting this channel as
unconfined.

Table 14: Flood-prone widths and floodplain utilization ratio results

Measurements (ft)

Parameter Downstream Upstream Average

1 2 3 4 5 -
FPW (measured from 100-
year top width of model)
Associated FUR 4.3 2.0 10.1 12.2 11.0 7.9
Average FUR (upstream

and downstream)

44 21 104 126 113 81.6

3.2 111
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Figure 686865: Locations of FPW measurements
4.4.2 Channel Planform and Shape

The WCDG requires that the channel planform and shape mimic conditions within a reference reach.
The proposed channel shape includes 10 horizontal (H):1 vertical (V) slopes between the centerline and
bank toe and 2H:1V bank slopes to create a channel similar to the reference channel shape. Floodplain
slopes at 16H:1V simulate the reference floodplains and channel benches, thereby connecting the
proposed grading to the existing surface. This is shown in Figure 66Figure-65.

The identified reference reach was chosen downstream of the culvert because the upstream reach is
populated with log jams and the stream channel does not display natural conditions, as explained earlier
in this PHD Report. The design channel shape is based on the reference reach shape. In Figure 67Figure
69Figure-66, the reference channel shape is shown as a brown dashed line and is located at STA
1+88.98, which is inside the reference reach identified in Section 2.8.1. The design channel shape is
shown in solid green. The proposed grading was evaluated in SMS. The natural-conditions model was
used to view the 2-year flow depth to confirm that the flow was approximately at the top of banks of
the proposed grading. Also, the top widths for all flow events at the reference reach were compared to
the top widths at the proposed structure. Channel benches are activated at flows as low as the 2-year
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event upstream and at several locations downstream as well. The top widths of the reference reach and
proposed structure location were similar, demonstrating that the proposed grading accurately reflects
the channel shape of the reference reach.

This channel does not show the integration of LWM into the bed or within the channel banks, which will

be a critical feature to support reduction of the downstream channel gradient and increase to hydraulic

roughness to maintain a lower gradient reach with sufficiently low velocities to reduce grain size and

support pool-riffle morphology. Those details will be elucidateddetermined in the FHD.

Because the-design-channelshape-mateheselesehy£The channel design cross-section is expected to
shape-respond over time to elesely-mimic the existing ehannelshape, namely the lowering of the

thalweg. The channel is expected to maintain its overall shape,butgeneral shape but will adjust to form

channel features such as low-flow meanders e+and pools from large woody material (LWM)-depesits

frova-Ratsralprecesses,

A low-flow channel will be added in during the Final Hydraulic Designtater stages of the project that

connects habitat features together so that the project is not a low-flow barrier. The low-flow channel
will be placed as directed by the engineer in the field.

HC LINE
€

VARIES 24% ¥ | ¥ Ay VARIES

BED
(SEE NOTE 1)

Figure 696966: Design cross section
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Figure 707067: Proposed versus existing cross section

4.4.3 Channel Alignment

The proposed project alignment follows the existing alignment. The project will include channel grading
approximately 68-175 feet downstream of the channel outlet to roughly 45-25 feet upstream of the
channel inlet. The channel alignment was constrained on the upstream side because of a large log jam
surveyed. in-thefield-it-was-observed-thatthisField observations indicate that the existing log jam,
composed of wood recruited from historical logging activities, acts-as-a-dam-and-obstructs flow during
flood events, redirects water to accessible floodplain surfaces, and retains fine sediments in the

upstream reach.;-itis-made-up-of woodrecruitedfrom-pastloggingactivities— The proposed grading
limit was-endsed prior to this log jam so that it weuld-is not be-impacteddisturbed.

Lengthening the radius of curvature in the channel bend downstream of the culvert was considered, but

hydraulic model results do not indicate a high risk of local erosion on the right bank compared to

existing conditions. At the 2-year event, modeled velocity is relatively uniform in the downstream reach

under proposed conditions. Therefore, realigning the downstream reach would not provide a significant

benefit to habitat and hydraulic complexity.
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4.4.4 Channel Gradient

The WCDG recommends that the proposed structure bed gradient not be more than 25 percent steeper
than the existing stream gradlent upstream of the crossing (WCDG Equatlon 3. 1) The proposed channel

gradient is 2.6-0 percent-a
%u#mg—wa%rue&we—éepe#%s%haﬂewe%h&n—m&&psﬂeam—s@pe HewevertThe average
upstream slope over a-distance-ef-approximatelyapproximately 2,000 feet based-enof LIDAR data is

reughly-2.2 percent. Using-this-upstream-sleperesulisinaThe corresponding slope ratio efis 3:20.9,
which is within the recommended WCDG limits. %&%ted—that—the—rmmedw%e—u—ps%mam—g#adwnt—s

As discussed in Section 2.8, due to the known disparity in slope between the reference reach and the

design reach, the slope ratio comparison was based on the sIope of the upstream reach, 2.2%, resulting

in a slope ratio of 0.90 (Flgure 39 above).
rdicates-that-the 125 sloperatioisexceeded o-meetT-the reference reach

sIope (1.5 percent) ratiewould be too flat for; the gradlng wemd—need—’ee—reaeh—app#e*mqaféelyégaﬁeet

jamsto connect upstream. The Draft PHD proposed a slope of 2.6 percent to minimize grading outside of

the existing structure footprint, but this was too steep for the reach and did not meet stream simulation

criteria. H-was-deemed-mostappropriateWe propose to grade the structure at a 2.06 percent slope,
which is an intermediate value between the surveyed upstream and downstream slopes. This involves

extending the grading approximately 175 feet downstream of the crossing and provides an opportunity

to improve habitat conditions in the degraded downstream reach by re-meandering the channel and
placing 6 to 8 inches of fill in incised areas to improve floodplain connectivity. Fheproposed-2-6-percent

expectedpossible at the transition between the proposed design slope and the existing upstream

gradient, which—Fhis is described in more detail in Section 8.2.

4.5 Design Methodology

The proposed fish passage design was developed using the 2013 Water Crossing Design Guidelines
(Barnard et al. 2013) and the WSDOT Hydraulics Manual (WSDOT 2019). Using the guidance in these two
documents, the unconfined bridge design method was determined to be the most appropriate at this
crossing because the FUR was calculated to be greater than 3.0.

Two requirements for the stream simulation method were met: the BFW was less than 15 feet, and the
proposed channel gradient meets the slope ratio. However, the FUR was calculated to be more than 3.0,
which means the channel is unconfined and the unconfined bridge approach must be used to allow for
the-flow in the floodplains.

U.S. 101 MP 142.48 Harlow Creek: Preliminary Hydraulic Design Report Page 87




4.6 Future Conditions: Proposed 15-Foot Minimum Hydraulic Opening

The hydraulic opening is defined as the width perpendicular to the creek beneath the proposed
structure that is necessary to convey the design flow and allow for natural geomorphic processes. The
hydraulic opening assumes vertical walls at the edge of the minimum hydraulic opening width unless
otherwise specified.

The starting point for the design of all WSDOT structures is Equation 3.2 of the WCDG, rounded up to
the nearest whole foot. For this crossing, a minimum hydraulic opening of 15 feet was determined to be

the minimum starting point based on a BFW of 10.3 feet determined from field measurements during
the second site visit on June 25, 2021 i +2Yy 7 i i
Seetion2-8-2-and confirmed with WSDOT topographlc survey, modeled 2-year flow width, and WDFW
climate-predicted BFW estimates described in Section 2.8.2bankful-measurementsinthefield.

Proposed-conditions hydraulic results are summarized for the upstream and downstream cross sections
as well as the cross section within the proposed crossing in Table 15Fable-13. A cross section showing
WSEL in the proposed structure is shown in Figure 69Figure-68. The larger proposed structure reduced
water surface elevations upstream and does not cause backwater (Figure 68Figure-67). The 2080
projected 100-year flow WSEL is nearly equal to the 500-year flow. The 100-year water surface elevation
at the upstream cross section (STA 3+18) decreased by 3.51 feet from existing conditions. Also, there is
no overtopping of U.S. 101 or of the unnamed roadway heading west off of U.S. 101 under proposed
conditions and all flow is conveyed through the proposed opening.

Upstream channel velocities vary from 2.79 to 4.98 ft/s, and the downstream proposed-conditions
velocities vary from 3.01 to 6.21 ft/s. Velocities upstream and downstream have both increased slightly

eempa%ed—te—e*rs%mg—eendﬁ@nsunder proposed conditions beeause—t—he%e—rs—tess—baekwa%er—u—ps#eam—

due to the increase in

conveyance from existing conditions.

In upstream cross sections, shear stress increases slightly from existing conditions because of the
removal of backwater at the culvert inlet—They-, where computed values vary from 0.79 to 1.92:0 Ib/SF.

SComputed shear stresses in downstream cross sections remain close to shear stresseds seen in
consistentwith-existing conditions. Fhey-Values vary from 0.65 to 2.41-8 Ib/SF. Average velocities across
the main channel, LOB, and ROB of each cross section for the 100-year flow are summarized in Table

16TFable-14. A velocity map showing the 100-year flow is in Figure 70Figure-69, and a second velocity
map showing the 2080 predicted 100-year flow is in Figure 71Figure70.

The proposed crossing structure decreases the change between the upstream and downstream shear

stresses, depth, and velocities, thus-ereating-a-more-equilibratedreachthereby reducing the
discontinuities in hydraulic conditions within the project reach as-a-whele-(Figure 70Figure-69).
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a.

Table 15: Hydraulic results for proposed conditions within main channel

Hydraulic
parameter

Average water
surface
elevation (ft)

Maximum water
depth (ft)

Average velocity
magnitude (ft/s)

Average shear
stress (lb/SF)

Cross section located within proposed structure.

Cross section
(STA)

1+14.03
1+55.82
1+94.01
2+65.97°
3+18.11
4+15.61
4+30.97
1+14.03
1+55.82
1+94.01
2+65.97°
3+18.11
4+15.61
4+30.97
1+14.03
1+55.82
1+94.01
2+65.97°
3+18.11
4+15.61
4+30.97
1+14.03
1+55.82
1+94.01
2+65.97°
3+18.11
4+15.61
4+30.97

2-year

348.33483
348.8348-8
349.8349:2
351.43511
352.5352-6
356.9356-9
ST
1.74.7
1.74.7
1312
1.51.2
1.51.4
2322
2121
4.24.1
3.13.0
4.04-4
3.54:4
3.43:4
3.33.3
2.92.7
1.01.0
0.50:6
1.74:2
1.24.3
1.10.7
13143
0.90.9

100-year

349.0349-6
349.8349:8
350.4356-1
352.13516
Sl
357.33542
357.635%6
2.42.4
2.72.7
1.92.1
2.11.8
2.22.0
2.62.5
2425
5.75.7
3.93.8
5.24.9
4.86:2
4.34.6
4.14.1
3.93.7
1.64:6
0.70:6
2412
1.92.0
1.6.0
1.81.9
1.41.3

2080
predicted
100-year
349.23492
350.1356-%
350.6356-4
352.335%8
353.4353-5
357.33543
357.735+7
2.62:6
3.03-0
2.12:4
2.420
2.523
2.62:6
2.52:6
6.16:2
4.13-9
5.44-8
5.16-7
4.54-8
4.243
4139
1.818
0.76-7
2411
2.122
1.641
1.92.0
1.5%4

500-year

349.1349-1
350.0356-%
350.63563
352.23518
353.4353-4
357.33543
357.735F+#
2.62.6
3.03.0
2123
2319
2422
2.62.6
2.525
6.16.1
4.13.9
5.34.8
5.16.6
4.54.8
4.242
4.13.9
1.74.8
0.70.7
2411
21222
1.64:1
1.92.0
1.51.4

U.S. 101 MP 142.48 Harlow Creek: Preliminary Hydraulic Design Report

Page 89




Proposed WSEL

@
]
m

357

355

m
wn
M

() voneasj3

351

348

347

345

Station (ft)

Proposed Grade

- Existing Ground

2080 Predicted 100-Year Flow = = = X5 ===

500-Year Flow

100-Year Fow

2-Year Flow

3

358

356

= ™~ [}
w u un
] m "

(88 AAVN) uoneas|3

346

344

3400 4400 5400 6+00

Station (ft)

00

1+

100yrCC ===-= XS

- 500-yr

100-yr -

2yr

ng Ground

Proposed Grade -— — Existi

Proposed-conditions water surface profiles

717168:

igure

F

Page 90

U.S. 101 MP 142.48 Harlow Creek: Preliminary Hydraulic Design Report



Elevation (ft)

354

353

352

351

Elevation (NAVD 88)

350

349

359

358

357

356

355

354

353

352

351

350

25

Structure Cross Section
STA 2+66
Proposed Conditions

10 20 30 40
Station (ft)

Ground

2-YearFlow ~ ——100-Year Flow 500-Year Flow

Minimum Hydraulic Opening

Structure Cross Section
XS 2+65
Proposed Conditions

30 35 40 45
Station (ft)

Proposed Grade —=——2-yr =—100-yr 500yr =—100-yrCC =—Structure Walls

50

Figure 727269: Section through proposed structure (STA 2+665)
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Figure 737370: Proposed-conditions 100-year velocity map. Flow direction is from bottom to top of
figure.

Table 16: Proposed-conditions velocities including floodplains at select cross sections

Q100 average velocities

Location (ft/ s )

Main
LOB? ROB?

ch.

1+14.03 0.767 @ 5757  1.920
1+55.83 1.212 3.93:8 1.042
1+94.01 1545 | 5249  1.2313
2+65.97° 2,936 4.86:2 3.03-8
3+18.11 1534 @ 4346  0.90-8
4+15.61 0.86-8 4.14% 1.010
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4+30.97 0.565 3.93+ 0.86:8
a. ROB/LOB locations were approximated at the tops of banks from inspecting the surface
and 2-year top width.
b.  Cross section located at proposed structure.
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Figure 74747%: Proposed-conditions 2080 predicted 100-year velocity map. Flow direction is from
bottom to top of figure.

4.7 Water Crossing Design

Water crossing design for Harlow Creek includes structure type, minimum hydraulic opening width and
length, and freeboard requirements.

4.7.1 Structure Type

This PHD Report does not recommend a specific structure type. The layout and structure type will be
determined at the FHD phaselaterprejectphases.
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4.7.2 Minimum Hydraulic Opening Width and Length

The WCDG recommends sizing the span of the proposed structure based on the agreed-upon BFW, with
the span being 1.2 x BFW + 2 feet (WCDG Equation 3.2). Using this equation, along with the modeled
BFW of 10.3 feet discussed in Section 2.8.2, results in a structure span of 14.4 feet. Rounding up to the
nearest whole foot results in a recommended structure span of 15 feet. The-proposed-culvertstructure
. . 80 foet ind h

Observations from the site visit

eindicate that flarge log jams, formed frem-by wood from historic logging activities, influence channel
form by spreading flood flows across nearby roodealn surfaces. La%e#a#nmgra%ren—eeunld-petenﬂa#y

euJ-\,Ler—t—mJet—As—a—Fesu«Lt—lThere is not a 5|gn|f|cant risk of lateral migration is-retexpected-to-oceur

withir-erareund-thewithin the upstream reach of the culvert because-the-flowpath-in-thechannel
directlyupstream-of-the-eulvertis-well-defineddue to the abundance of large wood accumulations that

span the channel corridor and the relatively broad surface that is activated during flood events, coupled

with the significant root mass from conifers growing on both banks. Therefore, tlateral migration was

not accounted for in width determination. This wood also appears to have been stable for long enough

for individual pieces to begin to degrade, and debris load is hot expected to be a criterion influencing
width determination. Addit’rena”-y,—a—eeﬂseﬂmfei-vem BFW value was-used to determine structure size as

smng—the—nmmmum—h&d%aaheepemngaccounts for the inset floodplaln surfaces expected to be engaged

under channel-forming flows. Based on the factors described above, a minimum hydraulic opening of 15

feet was determined to be recessary-sufficient to accommodateattew-for natural processes to-eceur

under the current flow and sediment transport eenditionsregimes. The proposed design, with a 2

percent slope, meets velocity ratio criteria.

A comparison of computed velocities under proposed- and natural-conditions with the current 100-year

and predlcted 2080 increase in 100-year flows |s:FhepFejeeted—2089—109—yeapﬂew—eveﬂt—wa&evaluated
e shown in Table 17Fable
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Table 17: Velocity comparison for proposed 15-foot wide structure opening

Proposed conditions Natural conditions
2080
. 100- 2080 predicted . 100- preeheted .
Location Year Difference Year 100predicte  Difference
. 100-Year .
velocity . (ft/s) velocity d 100-Year (ft/s)
(ft/s) vty iy (ft/s) velocity
(ft/s)
Upstream of
structure (XS 4643 4845 0.2 4.84.6 5249 0.34
3+18.11)
Through
structure (XS 624.8 6+45.1 0.35 6-14.6 6:44.8 0.32
2+65.97)
Downstream of
structure (XS 3-83.9 3:94.1 0.2% 3-83.9 3:94.1 0.2%
1+55.83)
Velocity ratio 1.13 1.14 1.03 1.02

Note: Velocity ratio calculated as Vstructure/Vupstream.

Velocities in the upstream reach are dampened by the presence of in-channel wood, including logjams,
that add flow resistance and encourage multiple flow paths through the main channel and floodplain.
This area and the proposed channel, which will be designed to mimic natural roughness, were assigned a

Manning’s roughness coefficient of 0.06 in the proposed conditions model, while the simplified channel

downstream of the culvert was assighed a Manning’s roughness coefficient of 0.045.
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{#efs) velocity
{#t/s)
P-Fep??ed—
conditiens 62 67 05
throuzh-siugivee
{XS-2+65.97)
Natupal
conditiens 61 64 03
throuzh-siusivee
{XS-2+65.97)

No size increase was determined to be necessary to accommodate climate resilience-since-the-velocity

ratio-design-eriteria-is-satisfied. A minimum hydraulic opening of 15 feet is recommended, and there is
no length recommendation for the proposed structure.

4.7.3 Freeboard

The WCDG recommends the-that structure designs preventien-ef excessive backwater rise and increased

main channel velocities during floods that might lead to scour of the streambed and coarsening of the
stream substrate, allow the free passage of debris expected to be encountered, and generally suggests a
minimum 2 feet of freeboard for streams of this size above the 100-year water surface elevation.
WSDOT is incorporating climate resilience in freeboard, where practicable, and has evaluated freeboard
at both the 100-year water surface elevation and the projected 2080 100-year water surface elevation.

While the LWM design is conceptual in nature, an additional model run was performed to increase
roughness in the channel to reflect anticipated future installation of LWM. Because of the uncertainty of
the LWM design, roughness was increased by 0.03 for an additional factor of safety with respect to
freeboard. This value represents increased obstructions occupying approximately 15 to -50 percent of
cross section area (Yochum 2017).
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The minimum required freeboard at this location based on BFW was 2 feet at the 100-year flow event.
The water depth at the 100-year flow event at the deepest point within the structure is 2.21 feet. The
2080 projected 100-year water depth at this point is 2.4 feet. A minimum structure height of 4.4 feet
above the thalweg is required to meet the minimum freeboard requirements for the 2080 projected
100-year. If it is practicable to do so, a minimum of 5-6 feet between the channel thalweg elevation and
inside top of structure is recommended for maintenance and monitoring purposes. The PHD drawings
currently assume that 5-6 feet of clearance is practicable. If determined not to be practicable during
future phases of design, the clearance must be a minimum of 4.4 feet.

Long-term degradation, aggradation, and debris risk were also evaluated at this location. Because the

proposed culvert is slightly eversteepened-compared-to-theshallewersteeper than the downstream

reach, the 1.5 percent slope of the downstream reach was carried through the structure and evaluated

at the upstream inlet. If the shallower slope of the reference reach was used, the structure inlet would
be approximately 1 to 2 feet lower in elevation. Countersinking of the structure will take this into
account during the Final Hydraulic Design (FHD) analysis and will include potential future degradation

and long-term scour. More information on the risk for long-term degradation and aggradation can be
found in Section 8.

4.7.3.1 Past Maintenance Records
As discussed previously in Section 2.4, no maintenance records are available for this crossing.

4.7.3.2 Wood and Sediment Supply
Harlow Creek flows through a heavily wooded basin with a high potential for recruitment, as evidenced
within the survey limits. Logging activities have occurred occasionally throughout the basin (Section 2.1),

which mayreduce-the-weoeod-supplyhas likely reduced the supply of large stable wood and may increase
the sediment supply. It is likely that basin development will remain largely unchanged in the future, with

the exception of periodic logging. The large wood transport in this reach is limited by the ehannel’sBFEW

and-heavilywoeded-bankscapacity to transport mature trees and by the presence of channel-spanning
logjams upstream of the crossing. There was-is a high-relatively high ameuntdensity of existing large

wood within the channel within the project reach due to historic logging.

Deposition occurred upstream of and around the log jams, indicating a healthy sediment supply in the
reach. The proposed increase in structure width will increase flood conveyance and capacity for bedload

transport to the downstream reach under channel forming flows, which will benefit habitat conditions

through the project reach.

4.7.3.3 Flooding

Though FEMA has not conducted a Special Flood Hazard Area analysis at this site (Section 2.3), the
roadway of U.S. 101 does not overtop under existing conditions for any modeled flow event. Backwater
is present under all flow conditions, propagating approximately 65 feet upstream. The unnamed
roadway heading west off of U.S. 101, however, overtops at both the 100-year and 500-year flow
events.

The proposed structure will reduce upstream flooding extents; according to the model and flow results
outlined in Section 4.6, the unnamed roadway will no longer overtop at any of the modeled flow events.
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As the unconfined channel converges at the inlet of the structure, a pool forms, but no backwater is
present in the stream reach under the proposed conditions.

4.7.3.4 Future Corridor Plans
There are currently no long-term plans to improve U.S. 101 through this corridor.

4.7.3.5 Impacts
It is not anticipated that the road level will be raised to accommodate the proposed minimum hydraulic
opening. A final decision will be made at a later design phase.

4.7.3.6 Impacts to Fish Life and Habitat
In discussion with WDFW and the tribesTribe, it is expected that the proposed minimum hydraulic
opening of 5-15 feet will not result in re-substantial detrimental impacts to fish life and habitat.
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5 Streambed Design

During the site visit, streambed sediment size was observed at the site and used to create a design
sediment size for the proposed grading.

5.1 Bed Material

The proposed bed material gradation was created using standard WSDOT specification material-te
i ible. The proposed mix will
consist of 58230 percent% streambed sediment, 255%-4-inch-cobbles,and25%6-inch-cobbles; 30% 8-
inchcobbles; 25% 10-inch-cobbles;,and-1540 percent 426-inch cobbles, and 30 percent% 10-ireh-inch?
. A comparison

cobble-be ; A ;
of the {reference reach pebble count}ebserved- and proposed streambed material size distribution is
provided in Table 19Fable37. When comparing the observed and proposed sediment sizes, it is relevant
to remember that the reference reach has slightly lower slope (1.5 percent%) than the design reach (2.0
percent%). Because there is a risk of near-term washout of the sediment and entrainment of fines

within the structure if the observed gradation is used, we recommend a slightly coarser proposed mix
for this location (Dsg of 2.0 inches as opposed to an observed Dsq of 1.3 inches). The goal of the design
team was that the Dsg should be stable at a 2-year event to prevent excessive loss of material from the
culvert during the first few storm seasons, while the material develops a natural armor layer, and the

system has an opportunity to respond to the geomorphic effects of the design LWM.

Table 1819: Comparison of observed and proposed streambed materials

Sediment Size Observed Proposed Meander Bar
Diameter (in) Diameter (in) Diameter (in)
Di¢ 0.4 0.186 0.6
Dso 13 +3242.0 3.3
Dg,4 2.9 2.96.85.4 13.2
Dos 4.0 5.09.48.3 16.5
D100 10.1 6-042.010.0 18.0

The Modified Critical Shear Stress Approach (as described in Appendix E of the United States Forest
Service [USFS] Guidelines) was used to analyze mobility for the proposed streambed material at the
project site (USFS 2008). The sediment mobility analysis indicates that for the observed gradation, a#
only material sizes larger than the Dgs willwould be stable at the 2-year event and all material sizes

sma#er—tlm—the—DS#a;&ammpateé—tewould mewve-mobilize at the 2100-year fIowﬂaﬁel—lrngh(-:qC Aithe

edThe proposed
gradation is designed such that the largestr material (D84s0 and larger) will provide a degree of stability
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for smaller material, while still being deformable at the 2-year event. The Dso was selected as the

threshold for stability at the 2-year event to prevent too large a fraction of the material in the culvert

from mobilizing at a veryrelatively frequent interval and to reduce the risk of localized streambed

degradation and bed coarsenings

sediment input from upstream is expected to be low in the foreseeable future, as evidenced by the
significantamountsnumber of full-spanning logging debris jams and the predominantly fine materials
evidientevident within the upstream channel. Meander bars are included to control channel shape and

initiate stream structure. The bars are composed of well-graded streambed material that is between 1

and 2 times the Digo of the existing streambed mix. The meander bar mix is composed of 30 percent

streambed sediment, 50 percent 10-inch streambed cobble, and 20 percent 1-man streambed boulders.

The meander bar mix is stable at the Dsp and above for the 2-year event and at the Dg4 and above for the

100-year flow event.

' v O v i
oo & SARSABACA—IRT S O cHo O c c oW o =

yearevent-See Appendix D for streambed sizing and sediment mobility calculations.

5.2 Channel Complexity

To encourage a complex channel that is more habitable for fish, a design including both LWM and non-
LWM structures was developed.

5.2.1 Design Concept

heThe LWM concept is first based on
an approach of incorporating wood within the entire channel cross-section, including within the channel

bed, within the active low-flow channel and as overhead cover above the channel invert. Secondly the

approach is to use a whole tree when harvesting a rootwad log. This “whole tree” design approach is

based first on identifying the diameter and length of the rootwad log needed, then incorporating the

remaining pieces of the tree that can be created from the harvest of that tree. During final design, it will

be illustrated how to incorporate the slash and branches from the harvest of the tree, such that the

whole tree is used in the project site, rather than leaving significant waste / slash piles at the harvest

site. The layout below is the conceptual orientation of a series of structures intended to initiate local

channel evolution of complex instream habitat, including lateral scour to increase thalweg sinuosity and
decrease overall channel slope (Figure 75Eigure72Eigure74). This complex matrix of wood will provide
very high hydraulic roughness, reducing stream power and generating low-velocity refuge areas in the

channel during storm flows.

The 75th percentile of key piece density in accordance with Fox and Bolton (2007) and Chapter 10 of
the Hydraulics Manual recommend 3.4 key pieces and 39.48 cubic yards of volume per 100 feet of

channel. This percentile of wood placement is suggested. te-compensateforecumulative-deficitsef-wood
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loadingduete-futurepotentialdevelopment-A conceptual LWM layout based on the assumption of a
buried structure has been developed for this prOJect area and is prowded in |gure 72 nge—ll—a&m#ﬂc
g Fe-Fig .The

conceptual layout proposes 12-22 key pieces in a 145.5-foot-|ong project reach (including the structure
length), yielding 8:215.2 key pieces per 100 feet of linear channel length. This satisfies and exceeds the
Fox and Bolton (2007) 75th percentile criterion by-with a total key piece loading of 441-440 percent of
target. The conceptual layout exceeds total LWM volume target by approximately 7 percent.

the stream’s ability to sort and retain gravels useful for fish habitat. The complex wood matrix will

provide beneficial geomorphic and habitat function; providing multiple flow paths through and around

the structure where minor channel bed and bank deformation is encouraged, while dissipating flow

energy at higher flows. Arranging logs in typical clusters that alternate along streambanks provides an

intentional meandering of the main channel thalweg, while increasing the efficiency and repeatability of

wood placement during construction.

A key component of the conceptual design is that wood pieces will be oriented at varying degrees of
pitch angle (horizontal) to provide flow-through paths above and below the logs, and to avoid formation

of a “weir” effect in the long term. Additionally, wood pieces will be oriented at varying angles relative

to streamflow (longitudinally) so there is adequate space for the channel to form pools and buildup of
sediment deposits. Wood will be installed aterunderthe-watertableboth within the low-flow channel
and within the floodplain area to increase its engagement with flow at all conditions-which-is-beneficial
fortish-butalso-maintainsalowprefile to-netinereaserisk-of floeding to provide refuge areas during
storm flows. The majority of wood will be placed downstream of the crossing te-heldpropesed-channel
gradeinthelong termas significant wood already exists upstream of the culvert inlet. YnderWithin the
crossing structure, meanderbarbscoarse barsnds will span perpendicular to flow and installed in a
concave shape be-used-te-to retain gravels, create channel complexity and encourage a low flow notch
to develop withthrough natural processes. Wood stability will be assessed at the FHD level; at this time,
anchoring is not anticipated. During the FHD, an analysis will be performed to determine at which flows

the mobile wood in the stream becomes mobile.

Risk of fish stranding during summer flow conditions is minimal because a continuous meandering
thalweg is anticipated to develop, winding between scour pools generated by the hydraulics of storm

flows interacting with the rootwads.in-the-floedplainoutside-ofthe-channelmargin—ifadjacentshabitat
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No special design considerations should be made.
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Figure 757572: Conceptual layout of habitat complexity-assuming-buried-structure
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6 Floodplain Changes

No FEMA flood hazard analysis was perfermed-atavailable for this location (Section 2.3). The pre-project
and expected post-project conditions were evaluated to determine whether there would be a change in
water surface elevation and floodplain storage.

6.1 Floodplain Storage

Floodplain storage is anticipated to be significantly impacted by the proposed structure. The installation
of a larger hydraulic opening will reduce the amount of backwater and associated peak flow attenuation
that was being provided by the smaller, existing culvert. A comparison of pre- and post-project peak
flow events was not quantified as the models were run with a steady-constant flow rate specified at the
upstream boundary of the model,= therefore only the peak discharge of flood events was evaluated-.

An unnamed road heading west off of U.S. 101 will no longer be overtopped after installation of the
proposed structure and, as a result, secondary flow from Harlow Creek will no longer enter road
drainage on the west side of U.S. 101. All flow will remain with the channel.

6.2 Water Surface Elevations

Installation of the proposed structure would eliminate the backwater impacts just upstream of the
existing culvert, resulting in a reduction in water surface elevation upstream. The water surface
elevation is reduced by as much as 3.6 feet at the inlet of the existing culvert at the 100-year event as

shown in Figure 73Figure73 and Figure 74Figure74. Figure 74Figure74 also depicts the extent of
backwater and the overtopping of the unnamed roadway heading west off of U.S. 101 that is eliminated.

Immediately downstream of the culvert, channel regrading for proposed conditions causes a rise by as
much as 1.49 feet in water surface near STA 2+28. The local water surface rise is a result of the fill in the
scour hole downstream of the existing culvert outlet. Past the outlet, the water surface change varies
between no change and less than a 0.1-foot rise from the existing to proposed conditions.
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Figure 767673: Existing and proposed 100-year water surface profile comparison
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Figure 777774: 100-year water surface elevation change. Flow direction is from bottom to top of
figure.

In Figure 74Figure74, positive values indicate an increase in water surface elevation from existing to
proposed conditions. Black represents new water surface extents and purple represents water surface
extents that have been removed.
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7 Climate Resilience

WSDOT recognizes climate resilience as a component of the integrity of its structures and approaches
the design of bridges and buried structures through a risk-based assessment beyond the design criteria.
For bridges and buried structures, the largest risk to the structures will come from increases in flow
and/or sea level rise. The goal of fish passage projects is to maintain natural channel processes through
the life of the structure and maintain passability for all expected life stages and species in a system.

7.1 Climate Resilience Tools

WSDOT also evaluates crossings using the mean percent change in 100-year flood flows from the WDFW
Future Projections for Climate-Adapted Culvert Design program. All sites consider the 2080 mean
percent increase throughout the design of the structure. Appendix | contains the information received
from WDFW for this site.

7.2 Hydrology

For each design WSDOT uses the best available science for assessing site hydrology. The predicted flows
are analyzed in the hydraulic model and compared to field and survey indicators, maintenance history,
and any other available information. Hydraulic engineering judgment is used to compare model results
to system characteristics; if there is significant variation, then the hydrology is reevaluated to determine
whether adjustments need to be made, including adding standard error to the regression equation,
basin changes in size or use, etc.

In addition to using the best available science for current site hydrology, WSDOT is evaluating the
structure at the 2080 predicted 100-year flow event to check for climate resilience. The design flow for
the crossing is 91.1 cfs at the 100-year storm event. The projected increase for the 2080 flow rate is 24.2
percent, yielding a projected 2080 flow rate of 113.2 cfs.

7.3 Climate Resilience Summary

A minimum hydraulic opening of 15 feet and a minimum low chord elevation of 5-6 feet above the
thalweg allows for the channel to behave similarly through the structure as it does in the adjacent
reaches under the projected 2080 100-year flow event. This will help to ensure that the structure is
resilient to climate change and the system is allowed to function naturally, including the passage of
sediment, debris, and water in the future while accommodating WSDOT Maintenance clearance.
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8 Scour Analysis

Total scour will be computed during later phases of the project using the 100-year, 500-year, and
projected 2080 100-year flow events. The structure will be designed to account for the potential scour
at the projected 2080 100-year flow events. For this phase of the project, the risk for lateral migration
and potential for degradation are evaluated on a conceptual level. This information is considered
preliminary and is not to be taken as a final recommendation in either case.

8.1 Lateral Migration

Channel migration was assessed by using historical imagery and modeling results. The historical aerial
imagery gives little information on channel migration near the project site because the channel is in a
forested area, making it difficult to decipher where the channel is in each aerial.

Observations from the site visit showed that upstream, flow is pushed into the floodplains as a result of
large log jams formed from historic logging activities. Lateral migration could potentially occur in the
upstream reach; however, all flow rejoins the channel at a scour pool upstream of the culvert inlet. As a
result, lateral migration is not expected to occur within or around the culvert because the flow path in
the channel directly upstream of the culvert is well defined. Lateral migration was not accounted for in
width determination.

8.2 Long-term Aggradation/Degradation of the Riverbed

There is a risk of degradation based on the proposed channel grading. The slope of the culvert, 2.6-0
percent, is steeper compared to the slope of the downstream reach, 1.5 percent. As a result,
lengthening-extending the downstream slope of 1.5 percent through the culvert reveals that there is a
potential for 1 to 3 feet of long-term degradation.
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Summary

Table 20Fable-18 presents a summary of this PHD Report results.

Stream crossing

Table 1920: Report summary

Elements Values Report location
category
Habitat gain Total length 3,600 2.4 Site Description
Average BFW 10.3' 2.8.2 Channel GeometryChannel
. Sesraeiny
Bankfull width 2.8.1 Reference Reach
Reference reach found? Y o .
SelectionReferenceReach-Selection
.8.4 Vertical Ch I ili i
Existing crossing 5 8% 2.8.4 Vertical Channe SF?bI ityMertical
ChannelStability
Channel slope/gradient Reference reach 1.5% 2352 e A TGRS 2=
Proposed 2.60% 4.4.2 Channel Planform and
ShapecharnetantformandShase
Proposed FHD 4.7.3 FreeboardFreeboard
Countersink Added f(?r climate FHD 4.7.3 Freeboard
resilience I
Analysis See link 8 Scour Analysis SeeurAnalysis
Scour St_reambar.ﬂ.( . See link 8 Scour Analysis SeeurAnalysis
protection/stabilization
=it see link 2.8.2 Channel GeometryChannel
Channel geometry Geometry
. 4.4.2 Channel Planform and
Proposed See link
ShapecharnetarntformandShase
. 6 Floodplain ChangesFleedplain
FEMA mapped floodplain N
PP P Shanges
. . . . 2.8.5 Channel Migration€hannel
Floodplain continuit Lateral migration ¥N . .
P ¥ g - Miemdden
. 6 Floodplain ChangesFleedplain
Floodplain changes? Y
P & Shanges
Proposed 2' 4.7.3 FreeboardFreebeoard
Added for climate
Freeboard . Y 4.7.3 FreeboardFreeboard
resilience
Additional recommended 1.6622' 4.7.3 FreeboardEreeboard
Maintenance clearance Proposed 56' 4.7.3 FreeboardFreeboard
Existing TBD 2.8.3 SedimentSediment
Substrate . .
Proposed TBD 5.1 Bed MaterialBed-Material
4.7.2 Minimum Hydraulic Opening
Hydraulic opening Proposed 15 Width and LengthMinimum-Hydradlie
- e Wid |
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4.7.2 Minimum Hydraulic Opening

N Width and LengthMinrimum-Hydradlic
Speringtibidihand-tongih
5.2 Channel ComplexityChannel
Cermpledy
5.2 Channel ComplexityChannel
Cormpledy
5.2 Channel ComplexityChannel
Cermpledy
5.2 Channel ComplexityChannel
Cormpledy
2.7.2 Existing ConditionsExisting
Conditions
Crossing length 4.7.2 Minimum Hydraulic Opening
Proposed See Width and LengthMinrimum-Hydradlic
link74-
Speringtitidihand-tongih
4.4.1 Existing-Conditions Model
Flood-prone width 81.6 ResulisEdsting-Cenditiensheadel
Floodplain utilization Results
ratio 4.4.1 Existing-Conditions Model

Averagzg\tl\llf:];fsxam and 11.1/3.1 ResultsExisting-Conditions-Model
Results

3 Hydrology and Peak Flow
Existing See link EstimatesHydrologyand-PeakFlow
Ectiraates
3 Hydrology and Peak Flow
Climate resilience See link EstimatesHydrologyand-PeakFlow
Ectiraates
2.8.2 Channel GeometryChannel
Ceometry
5.2 Channel ComplexityChannel
Complexity
8.2 Long-term
Aggradation/Degradation of the
Potential? Y Riverbedtong-term
\ o /D . 4
Ri I
8.2 Long-term
Aggradation/Degradation of the
Allowed? Y Riverbedteng-term
! o/ . 4
Riverbed
Recommendation N 4.7.1 Structure TypeStructureTFype
Type NA 4.7.1 Structure TypeStructureTFype

Added for climate
resilience

LWM Y

Meander bars Y
Channel complexity

Boulder clusters N

Mobile wood Y

Existing 74'

Hydrology/design flows

Existing See link
Channel morphology

Proposed See link

Channel degradation

Structure type
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Appendices

Appendix A: FEMA Floodplain Map (not used)

Appendix B: Hydraulic Field Report Form

Appendix C: SRH-2D Model Results

Appendix D: Streambed Material Sizing Calculations

Appendix E: Stream Plan Sheets, Profile, Details

Appendix F: Scour Calculations FHD ONLY (to be completed at FHD)
Appendix G: Manning’s Calculations (not used)

Appendix H: Large Woody Material Calculations-{te-be-cempleted-atFHD)

Appendix I: WDFW Future Projections for Climate-Adapted Culvert Design

Appendix J: Bundle 3 Comment Response Plan
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Appendix A: FEMA Floodplain Map

This appendix was not used because no analysis was perfermed-byavailable from FEMA in this crossing’s
location.

U.S. 101 MP 142.48 Harlow Creek: Preliminary Hydraulic Design Report



Appendix B: Hydraulic Field Report Form
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Appendix C: SRH-2D Model Results
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Appendix D: Streambed Material Sizing Calculations
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Appendix E: Stream Plan Sheets, Profile, Details
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Appendix F: Scour Calculations

This appendix was not used because it is used for the FHD Report, not the PHD Report.
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Appendix G: Manning’s Calculations

This appendix was not used because Manning’s calculations were not needed to support the values
chosen.
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Appendix H: Large Woody Material Calculations
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Appendix I: Future Projections for Climate-Adapted
Culvert Design
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Appendix J: Bundle 3 Comment Response Plan
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